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I. TINTRODUCTION

Radio frequency (rf) systems that utilize the polarization characteristics
of the target and enviromment to detect, track, identify, etc., are referred
to as rf polarimetric systems. These systems usually combine the polarization
characteristics with frequency agility for increased range resolution. Examples
of such radar systems are the Multi-environment Active Radio Frequency Seeker
(MARFS), the Advance Indirect Fire System (AIFS), the Helicopter All Weather
Fire Control and Acquisition Radar (HAWFCAR), and the Polarimetric Technology
Seeker (PTS) as well as various other R&D radars under development by numerous
independent contractors in private industry.

The demand for a more complete understanding of the techniques and pro-
cessess employed in various programs has precipitated the development of the
polarimetric radar simulation. This document covers the mathematical analysis
required as background, the computer simulation model, and typical results.
Recommendations for future expansions of this model are also addressed.

I1. MATH MODEL DEVELOPMENT

A. Polarization Definition

The concept of polarization and the associated conventions are vital to
the understanding of the use of the polarization scattering matrix. The defi-
nitions of polarization have been traditionally either the physics or the
engineering convention. Either convention will provide the same general
answer but with different notation. Therefore, the convention to be used
throughout this analysis is as stated in the IEEE STD 211-1977 "IEEE Standard
Definitions of Terms for Radio Wave Propagation”.

Linearly Polarized Wave - An electromagnetic wave whose electric and
magnetic field vectors always lie along fixed lines at a given point. (Page 9.)

Left-handed (counterclockwise) polarized wave - An elliptically polarized
electromagnetic wave in which the rotation of the electric field vector with
time is counterclockwise for a stationary observer looking in the direction
of the wave normal.

NOTE: For an observer looking from a receiver toward the apparent source of
the wave, the direction of rotation is reversed. (Page 9.)

The definition of right-handed is found on page 12 and is the same as above
with the word clockwise used instead of counterclockwise.

B. Plane Waves

For a plane time harmonic electromagnetic wave traveling in free space
the electric field intensity vector E(t), and the magnetic field intensity
vector H(t) are always orthogonal to one another and have directions specified
by the right hand rule as defined in the complex Poynting vector (5).

§=ExH
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_ Since E and H are always coupled together, it is customary to specify the
E(t) vector only in describing the plane wave. The plane wave can be spe-
cified by {ts amplitude, frequency, direction of propagation, and polariza-
tionc

The vector wave equations for waves in free space* can be written as
V2E + k%E = 0
V2H + k%H = 0

where k 1s the complex wave number. The rectangular components of E and H
satisfy the complex scalor wave equation (commonly called the Helmholtz
equation):

V2¥ + k2¢ =0

The solution to the Helmholtz equation for one component, say x, thus reduces
to

2

B 412, =0

which 1s the one dimensfional Helmoholtz equation. The equation has solutions
that are linear combinations of eJkZ and eJkZ. We can choose to work with
either of these solutions, though, in engineering we generally use the form
e~JkZ; in particular, consider the solution

Ex = Eoe'jkz

This satisfies the V*E=0, and is therefore a possible electromagnetic
field.

To interpret this solution, let E, be the rms value; then the instan-
taneous field is found to be

Ex -\/-2. Eo cos (wt-kz)
Ey =42 Ey cos (wt-kz)

For conventions' sake, the x direction will be the horizontal polarization
and the y direction will be the vertical polarization. In general the two
waves need not have the same phase. Again, for convention, it will be
assummed that all phase shifts between the two waves are referenced to the
horizontal wave. Therefore, the final form of the wave equation can be writ-
ten as

Ex(r,t) = Eged(wekz)y
E&(t,t) - Evej(Va.rt--kz_'f_ﬁo)z.y

*"Time-Harmonic Electromagnetic Fields" Roger F. Harrington, McGraw-Hill Book
Co., 1961,
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wvhere

Ey is electric field strength polarized in the horizontal direction.
Ey is electric field strength polarized in the vertical direction.

w is the radian frequency of the transmitted wave.

k is the complex wave number.*

t is time

z is distance (when z = range to target z = R)

Bo is the phase difference between horizontal and vertical electric field
waves at the transmitting antenna. (-n< B, <n)

is a unit vector in the Y direction (vertical)

is a unit vector in the X direction (horizontal)

is a unit vector in the Z direction (range)

3
7
N
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Special Cases of Polarization

1. Linear (see Figure 1)

Bo = O

Vp = Evej("t‘kz)gy or Ey cos (wt-kz),&
Hp = EHeJ(Vt'kz)zior Eg cos (wt—k;)x

p = arctan Vp/Hp = arctan Ey/Ey

*(k=k'-3jk") where k' is the intrinsic phase constant and k" is the
intrinsic attenuation constant. When no attenuation is assumed
k = k' = 2n/\.

Figure 1 Linear polarization

p equal zero is referred to as horizontal polarization.
P equal ninety degrees is referred to as vertical polarization.
p equal forty five degrees 1s 45 degree linear polarization.

et e e e . v e WA g e SIS




2. Circular (see Figures 2 and 3)
Bo = * 90°
Ey = By = E
Left hand circular B, = 90° or n/2 radians.
The loci 1s a circle of radius E. The electric field vector is constant
in magnitude. When looking in the direction of travel the electric field

vector rotates counterclockwise: when looking against the direction of tra-
vel the vector rotates clockwise.

travel of E is out of the page

Figure 2. Left hand circular polarizétion.

Right hand circular

Bo = =90° or - n/2 radians
/
E, = By = E

The Loci is a circle of radius E. However, the electric field is rotating
clockwise with time when viewed in the direction of travel, and counterclock-
wise when the observation is made looking against the direction of travel.




I travel of E 18 out of the page

Figure 3. Right hand circular polarization

3. Elliptical (see Figure &)

sin B, > O left hand elliptical |
sin B, < 0 right hand elliptical

Figure 4. Elliptical polarization

The angle p is the angle to the major axis e and is dependent upon the ratio
of Ey, Ey, and 8,.




D. Polarization Notation

As previously presented, a pure left hand circular polarized wave
electric field may be shown as

E&L = E[cos(wt-kz)ax - sln(wt*kz)i&]
and a pure right hand circular polarization as
ETR = E[cos(wt-kz)-ax + sin(wt~kz)3y]

For simplicity the time dependency given originally as eJ¥t may be suppressed or
removed and a circular wave can be represented as

E&L = E[cos(—kz);; - sin(—kz);§]
Erg = E[cos(-kz)ay + sin(-kz)ay]

Assuming the electric field at the transmitter (2z=0) is 90° (plus or minus) out
of phase in the H and V direction, or

E&L = ng + Eejﬂlzay

ETL = E+ JE for left hand clrcular (see Figure 5)
Therefore

ETR = E -~ JE for right hand circular

Hr = E cos (wt-kz) ay
Vr = E cos(wt-kz+90°)ay /

Figure 5. Left hand circular wave traveling in Z direction.
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E. Scattering Matrix

Scattering of a wave by objects in the field of view is modeled by the
polarization scattering matrix as

(ER] = [S](ET] » —=
4nR

!

where is received electric field vector

ET 1s transmitted electric field vector
S S
(s} = |°HH HV
SvH Syv

It can be shown that the scattering matrix is related to radar cross section
in the following manner:

s - V/ome 10 Vomve Jonv
‘/Es;ejovn \/;;'vejm

term 1s usually dropped and the received electric

For convenience, the
4nR

field components are shown to be related by
(ER] = [s) [ET)

Therefore, for a monostatic radar the voltage at the antenna terminals is
related as

E“ E
(ER] = (s]
Ey E

x| -

T
H
T
v

where K is some factor that represents the appropriate radar range scaling,
which for most calculations is not considered unless the absolute received
voltage 1s required.

For a left hand circular transmitted wave this beconmes

Ey EeJ(wt-2kR)
[ER] = = [S)

EV Eej(wt’ZkR+ﬂ/2)

where R is now the one way range to the target from the radar.

B O




In short hand notation this can be written as

ET ’
(ER) = [s]
JET

F. Scattering Matrix for Simple Objects

The polarization scattering matrix in its most generic form is written

S L i
bll‘ 11 SZle 21

as

81 = I i
J
Slze 12 5228 22

where the subscripts refer to orthogonal components, the first subscript
being receive, and the second transmit.

In the linearly polarized form this becomes

(5] = [Sumedons SpyeJOHV
SygeJ®vu Syye JOVV i

In the circular polarized form this becomes
(s] = [ Spre 1PRR SrreJ®RL |
| SLre JPLR SpLedOLL |

where R refers to right hand circular, and L to left hand ctircular.

In this analysis where a circular wave (right or left) is broken into
its horizontal and vertical components the linearly polarized scattering matrix
must be used. However, the same results could be obtained by using the cir-
cular scattering matrix and not breaking down the electric fieid into orthogo-
nal components of Ey and Ey.

Congider an odd bounce reflector (a flat plate) that totally reflects the
transmitted wave. The linear scattering matrix elements can be written as

S11 = SuH» S12 = Syv, S21 = SvH, S22 = Syy

The return from an impinging horizontal electrical field will have the same
magnitude but the phase will shift 180°. The same is true for an ifmpinging
vertical electric field. A horizonal electic field striking a flat plate and
being received in the vertical direction is zero. The same is true for
transmit vertical/receive horizonal.

The scattering matrix for a flat plate is therefore

-1 0
(Slfp = [ ]
0 -1

e




It should be noted that the 180° phase shift is due to the electromagnetic
boundary condition of zero tangential field at the surface of a perfect con-
ductor. This matrix could have been written as

e—Jn 0
{Slgp = [ ]
0 P L

noting that e = -1.

The same odd bounce reflector in a circlar scattering matrix would have
the following elements

S11 = SRr; S12 = SrL; S21 = SLR; S22 = SLL

The rotation of the return from a circularly polarized wave will be the
reverse of the rotation of the transmitted wave; that is, right hand
transmitted becomes left hand received. Because there is only a cross polari-
zation component, the circular scattering matrix for a flat plate (odd) is

0 1
(Slgp = [
1 0

The equivalence of linear polarization and circular polarization can best
be seen from examples of both worked in parallel. Assume a left hand circular
transmit into a flat plate.

The circular (left hand) transmit {8 written Iin a linear system as

T
B = Bg, *+ JEx,

A circular transmit system is written in circular notation as
T

T
ETqr = B+ B

where R 1is a unit vector rotating in the right hand direction

|

is a unit vector rotating in the left hand direction

<t e e e . I




LINEAR (FLAT PLATE) CIRCULAR (FLAT PLATE)
4 T
: B, 1 o] e By o 1 0
( R ) T R T
Ev 0] 1 jEv EL 1 0 EL
T T
# = “Ey E: EL
T R
23 e LY EL 0
Noting that the direction In the circular form
of travel has reversed the received wave is
the received wave is of of the form
the form
T T T
R = - - =
E EH jEv E ELR +0
which is a right hand which is a right
circular wave traveling in hand circular wave.

the -z direction.

Figure 6. Scattering characteristics.

The analytical relationships developed for the simulation are based upon
the linear scattering characteristics of a few simple shapes, classified to
some degree by the mumber of reflecting surfaces eacountered.

1. 0Odd bounce scattering matrix (flat plate, trihedral corner reflector)
for linear polarization (see Figure 6)

e~Jn 0 -1 0
or
0 e~in | 0 -1
2. Even bounce scattering matrix (diplane) for linear polarization
cos28 sin26
sin20 -cos2f

where 9 is the angle of rotation of the diplane relative to the horizontal.
(See Figure 7).

10
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SR

Figure 7. Diplane rotation angle.

Dipole matrix for linear polarization (Figure 8).

-cos 2P -cosBsinB]
-cosfsinbd ~-8in26

Figure 8. Dipole rotation angle.

It is assumed that superposition holds such that a complex target may be

modeled by an ensembtle of these even and odd bounce targets or scatterers with
the inclusion of their respective ranges.

G.

where

Radar Range Scaling

The basic radar equation to determine the power received at the radar is

p. = REPA0
T T (an)3R L
Pr 1s power received in watts
Py is peak power transmitted in watts
G 1is antenna gain (unitless)
A 1s wavelength in meters
0 18 radar cross-section in meters squared

R 1is range to target in meters
Lg 18 system loss (unitless)

Because this analysis is performed in the voltage domain the standard

radar equation must be modified to be expressed in terms of voltage.

11
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Pp = (Vpeak/ﬁ)zlz

where Vpeak {s peak voltage received
Z is impedance (assumed 50 ohms)

Therefore, the peak voltage (Vpeak) 1is
Vpeak = V2*Z*Pp

By removing the radar cross-section from P,., P, becomes a constant radar
scalar which when used with the field voltage obtained from the scattering
matrix defines the peak received voltage.

22P. G272
v = t - y/o
peak (47)3R%Lg

H. Noise Generation

If the radar were operated in a perfectly noise free enviromment so that
no external nolse sources accompanied the desired signal, there would still
exist an unavoidahble component of noise generated by the thermal motion of the
conduction electrons in the recelver input stages. This is called thermal
noise and is directly proportional to the temperature of the ohmic portions of
the circuit, and the receiver bandwidth. The available thermal-noise power

generated by a receiver of bandwidth B, (in Hz) at temperature T (degrees
Kelvin) is equal to:

average available power = KTB,
where K is Boltzmann's constant (1.38 x 10723 Joule/deg)

No matter whether the noise is generated by a thermal mechanism or by
some other mechanism, the total noise at the output of the receiver may be
considered to be equal to the thermal-noise power obtained from an ideal
receiver multiplied by a factor called noise figure (NF). The noise figure
(NF) of a receiver is defined by the equation:

NF = noise out of practical receiver
noise out of ideal receiver at Std Temp (T,)

The standard temperature is taken to be 2900 K.

Therefore,
average available power = KT,BNF

Assuming this to be the available average power at the input stages of a
radar, the ohmic load is assumed to be matched as in the simple circuit
diagram in Figure 9.

12
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A%
Figure 9. Equivalent noise circuit.

NOTE: Load resistance (R;) is matched to source resistance (Rs).
Therefore, the RMS voltage available at the source can be calculated as

Vg = 2Vp,

VL -‘ﬁTOBmL and Vg ™ ZVE;OBNFRL

The noise entering the IF amplifier is assumed to be Gaussian, with a
probability~density function given by
2
~v

p(v)dv = L exp{— }dv
1/ 2n¥ 2v
[+]

where p(v) dv is the probability of finding the noise voltage between the
value of v and v + dv, ¥, is the variance, or mean-square value of the noise
voltage. The mean value of v is taken to be zero.

Therefore, the mean—square value is taken to be VLZ or XT,BNFR; and the
standard deviation by definition is

SD -‘/KTOBNFRL

I. Antenna Isolaton

When two antennas (or elements) are widely separated the energy coupled
between them 18 small, and the influence of the receiving antenna on the
current excitation and pattern of the transmitting antenna is negligible. As
the antennas (or elements) are brought closer together the coupling between
them increases.

Isolation of a polarimetric antenna {s represented as two antennas that
cross couple energy during transmit and receive. Considering only the
transmit cycle the coupling can be represented as in Figure 10.

Ev ] Vo = E‘.R1+EHR2
1
By /) Hp = EyRI+E Ry

/

Figure 10. Transmit isolation.

13
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In Figure 10 Ev and Eﬁ are input to the antenna, and V& and ﬁf are antenna

Outpu ts.
Ry = 10-ISOL/20 RI‘II-IOISOL/IO

ISOL is the antenna isoluation in dB one way, always positive.
Assuming reciprocity, the isolation upon receive is
Eyr = VRR1+HRR2
Eyr = HRR1+VRR2

where EQR and Egg are the input signals to the receiver and HR and VR are
the inputs at the antenna plane.

Phase stability is assumed across the antenna plane.

J. Frequency Agility and Intra-Range Resolution

Range resolution is usually defined as the distance at which two targets
can be resolved in range. In the conventional radar this 1{s defined by the
pulse width of the transmitted wave as AR =(Ct/2)

wvhere AR is range resolution (m)
C is velocity of light (m/sec)
1T 18 radar pulsewidth (sec)

Considering the radar to have a match receiver 1, equal to one over recelver
bandwidth, AR becomes

AR =

3l

where B is bandwidth in Hertz.

Either of the two equations can be used to calculate the range resolu-
tion of a radar. However, the latter equation is the more general form and
can be ulitized in calculating range resolution in conventional radar, pulse
compression radar, and frequency agile radar, as well as in hybrids of these
such as the pulse compression frequency agile radar.

Ruttenberg showed in 1967 a method that increased range resolution with
a non-coherent source. This involved a frequency agile scheme that summed the
pulses after they were received (coherent on receive) and delayed by 1/PRF.
Since then the use of a fully coherent radar utilizing frequency agility,
pulse to pulse, and the Digital Fourier Transform, has demonstrated a range
resolution technique that does not require delay lines as did Ruttenberg's
technique. The coherent pulses are fed to a DFT (usually the same size as the
number of frequency shifts) and frequency i{s transformed into time (via the
DFT) with intra-range resolutfon of the system following the same range reso-
lution equation.

14
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C
AR 3B

where B is now the frequency agile bandwidth.

Gjessing, in his book "Adaptive Radar in Remote Sensing” shows that the
amplitude spectrum of the scattered field is the Fourier transform of the
delay function f(t). Thus, If the target is at some distance d, the delay
function will oscillate with a period c/2d. Therefore, by the use of a
multifrequency radar system, the resolution of the radar can be increased as
the bandwidth of the agile radar increases. The complex Fourier transform
will provide the true reference, while the amplitude only Fourier transform
will provide the relative distances between the resolvable elements.

ITI. RADAR SIMULATION

The functional diagram of a polarimetric radar is shown in Figure 1l1.
Functionally the model 1s a frequency agile coherent radar model. If a non-
coherent radar model is desired the signal processor section can be modified.
The frequency agile waveform selects the transmitter and coherent local
oscillator frequency. The transmitter energy is split (coupled) to the dual
polarized antenna with a +90° phase shifter in the vertical channel, resulting
in either right hand or left hand circular polarization. Zeroing one channel
or the other results in horizontal or vertical polarization. Removing the
phase shifter and adjusting the splitter results in slant polarization of any
desired angle. If the cross coupling in the antenna section is large enough
the result i{s an elliptical wave.

Energy reflected from the target area 1s received in both the horizontal
and vertical antennas with cross coupling, and passed to the coherent Inphase
(1) and Quadrature (Q) detectors, resulting in IF detected signals of horizon-
tal T and Q, and vertical I and Q.

This radar simulation configuration allows maximum versatility by pro-
viding for circular, elliptical, and linear polarization transmission.
Receiving horizontal and vertical with antenna cross coupling allows the
signals of circular and elliptical, and horizonal and vertical, efther
coherent or non-coherent. The configuration shown in Figure 11 is not
intended to imply prefered hardware configuration, but rather to depict a
radar simulator which can be used to simulate a large number of pulsed polari-
metric radars in order to evaluate proposed radars and signal processors.

A. Signal Processing

1. General
Outputs from the radar simulation (HI, HQ and VI, VQ) are input to the
signal processing software where they are combined to form various types of

received signals and the respective inverse Fourler transforms. The radar
signals available from the the signal processor as plots are:

15
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a. Peak Horizontal voltage

b. Peak Vertical voltage

c¢. Phase between Horizontal and Vertical

d. Peak Left Hand Circular (LHC) voltage

e. Peak Right Hand Circular (RHC) voltage

f. Phase between LHC and RHC

g. Scatterer Locations (inverse FFT's of coherent signals)

h. Scatterer Seperation (inverse FFT's of non coherent signals)
i. Phase plots of FFT's

2. Linear Polarizaton

Functionally the coherent horizontal and vertical signals are processed
as shown {n Figure 12. The resulting inphase and quadrature signals are then
loaded into a complex array, and an inverse FPT is performed. The resulting
lines represent the location of the scatterers relative to the leading edge of
the radar range gate. '

Received Signal In-Phase Detector (Double Balanced Mixer) B cosd

A cos(wt + 9) OW PASY 4
EILTER HI or VI

LOCAL OSCILLATOR
B cos wt

oW PAS sin 0
FILTER |[HQ or VQ

Quadrature Detector (Double Balanced Mixer)

Horizontal Received Signal = HI+jHQ
Vertical Received Signal = VI+jVQ

Figure 12. Linear coherent detection block diagram.

Loading the real portion of the complex array with the amplitude magni-
tudes only, and performing an inverse FFT, results in lines that represent the
separation of scatterers relative to each other. There is one line (neglecting
sidelobes) for each combination of palrs of scatterers.

N

No. lines = T (N~-1)
i{=1

where N i{s the number of reflectors.
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3. Circular Polarfization

Figure 13 is a functional block diagram of a linear to circular tranfor-
mation. Inputting horizontal and vertical inphase and quadrature results
in left and right hand circular polarized signals. This can be repre~
sented in matrix notation as:

- [ L

=HI+jHQ [::r~—1
—={=1
= RHC
>
5N
= LHC
7 | PHASE
2 | SHIFTERS R
~ -7

VIVI+H{VQ

Figure 13. Block diagram of linear to circular polarization converter.
Loading the resulting RHC or LHC into a complex array, and performing an
inverge FFT, results in lines that represent the location of scatterers rela-
tive to the leading edge of the radar range gate. Y

Loading the real portion of the complex array with the amplitude magnitudes
only, and performing an inverse FFT, results Iin lines that represent the
geperation of scatterers relative to each other.

IV. SIMULATION ULITIZATION

A. General Simulation Outputs

Figures 14 through 35 are the 22 output plots of the simulation. Four
received amplitudes (Horizontal, Vertical, LHC and RHC) are plotted as a func-
tion of the transmit frequency. The header data presented at the top of each
plot define the radar operating parameters used in the calculations. All
plot headers for each input parameter set are identical. The phase angle bet-
vween received Horizontal and Vertical or RHC and LHC is plotted as a function
of transmit frequency and is the angle Beta discussed in paragraph 2.2. The
remaining 16 plots are inverse FFT's, amplitude and phase, plotted as a func-
tion of intra-range gate resolution. The FFT amplitude plots labeled 1&Q pro-
vide scatterer location from the leading edge of the range cell while the
plots labeled peak amplitude provide scatterer separation depending on whether
the amplitude data were loaded into the FFT as complex I&Q or as real ampli-~
tude only. FFT's were loaded in ascending order with the received signal from
the lowest transmit frequency in location one.

18
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B. Antenna Isolation

Utilizing the simulator program, and varying the amount of one way
anterna polarization isolation, can reveal the effects of isolation on the
polarimetric outputs of a system. This is exampled by Figures 28 through 32
which show the LHC and RHC scatterer locations for a four target array with 30
dB one way polarization isolation. PFigures 36 and 37 present the same con-
ditions with 10 dB isolation for comparison. Comparing these plots one can
observe the cross coupling from one channel to the other.

While this example is presented for LHC and RHC output it is obvious that
the other outputs of the simulation may also be examined. Antenna isolation
effects on horizontal or vertical outputs, in either the coherent or non—
coherent mode, as well as other combinations of transmitter and receiver polari-
zation configuratiouns, can be examined.

C. Signal to Noise Ratio

System nolse effects on polarimetric outputs can be examined in two ways:
first, by increasing target range (reducing signal strength); second, by
increasing the receiver noise figure (increase system noise). Examples of
these are given in Figures 17 and 21 (horizontal and vertical scatterer loca-
tions for a greater than 30 dB signal to moise ratio), and Figures 38 and 39
(for a signal to noise ratio of 8 dB).

Inputting a clutter model and varying the system noise will allow examina-
tion of the effects of the clutter to moise problem on signal processing.
System noise can be increased by elevating the receiver noise figure.

D. Signal to Clutter

The utilization of the simulator program to explore the effects of clutter
on signal detection will be highly dependent upon the target and clutter
models used. A model for clutter in polarimetric form that has been truly
verified has yet to be developed. Therefore, in order to demonstrate the use of
the program the following example will be used: a contrived target model of one
and one half meters radar length, made up of five reflectors randomly spaced,
and having a radar cross section of five square meters each (Figures 40 through
43); clutter made up of fifty randomly selected location, orientation, and type
spaced reflectors of 0.1 square meters each. This example has a total signal to
clutter ratio of 25/5, or 7 dB, and is shown in the horizontal and vertical
location plots in Figures 44 and 47. Figures 48 through 51 show the same con-
figuration with the clutter cross section increased to one square meter per
reflector. This represents a signal to clutter ratfo of -3.0 dB (25/50).

v. CONCLUSIONS AND RECOMMENDATIONS
A digital simulation has been developed to investigate various aspects of
a frequency agile, polarimetric pulsed radar system. While the simulation is

not all inclusive and will undoubtedly be refined and updated for years to
come, it is a useful tool for evaluating both hardware and software effects on
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the next generation of radars. The simulation validation was performed by
comparison with an operational radar. The validation has been excluded as the
data were acquired from a contractor's IR&D radar. Any govermment agency
desiring more information relative to the validation should contact the
authors at AV 746-4061.

Major limiting factors to simulation results are the target and clutter
scattering models which remain basically undefined at this time. It is recom-
mended that all models and data in the future be done in scattering matrix
format so that the entire radar signature will be available for future radar
hardware and simulator designers. Without such data and validated models the
radar system analyst and designer will continue to suffer from the so called
“Sedenquist Effect”™; that is, put two radar engineers in a room and say the
word "clutter”; return years later and they will still be trying to define and
agree as to what clutter is.

Future plans for the polarimetric radar simulator include the addition of
doppler, tracking errors, jamming, attenuation back scatter due to weather,
and realistic model development.

This simulation does not include cross range positional effects of scat-
terers. All cross range scatterer positions within the antenna beamwidth are
collapsed to a single radial range bin. The inclusion of doppler will pro-
vide the second “"cross-range”™ dimension for two dimensional analysis.

20
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APPENDIX

Simulation Flow Charts and Program Listing

The following flow charts were developed as an aid in following the mathe-
matical development of signals. The program listing of subroutines is short

: enough to provide an easily followed path without flowcharts. This simulation

: has been developed and run on a Digital Equipment Corporation (DEC) 28K word
PDP-11/10 computer running DEC's RT-11 operating system. The plots were per-
formed utilizing a Tektronix terminal 4014 driven by in-house developed

plotting

software. The plotting subroutines are described by function only

without software listing included in the program printout. This will provide
a programming guide for tailoring plots to other systems.

DEC's RT-11 Subroutines

! Call

Assign - Attaches a disk file for reading or writing and assigns a

logical unit number.

Call

In-House

Close - Closes an attached disk file.

Computer Subroutines

Call

Call
and hard

Call

In-House

IAND - Performs logical bit anding of the two arguments.

SWR - Read computer switch register. Used to control line printer
copy functions.

MLOGN - Perform forward or inverse in place FFT of complex array.

Plotting subroutines

Call

Call

Call
‘ Call
i units.
Call
‘ Call

. Call

PLOT - Erase 4014 screen.
V14CSZ - Select size of Alphanumeric characters typed on 4014.

AXES - Draw plotting axes by screen position and tic-marks controlled

by user units and store parameters for user units plotting by call LINE.

LINE -~ Draw graphic line on 4014 between two points described by user

HRDCPY - Cause hard copy of 4014 screen to be produced.
LABEL - Provide X and Y axes labels to be centered and typed on 4014.

STALL - Cause computer to wait momentarily for HRDCPY to be executed.
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START::)

INITIALIZE CONSTANTS
7, 27 ,(27)2,(87 )3 (14/2), C, COR, uVOLTS

TRUN=1

| INCREMENT IRUN Le
IRUN=TRUN+]

INPUT ANTENNA ISOLATION

AT SOL

CALL IXMIT SHBROUTINE
GET EIH, E1V, PHITV, NXMIT

R1=SQRT (1.-10.**(-AISOL/10.))
R1=10,%*(~AISOL/20)CALCULATE ANTENNA

CROSS~COUPLING RATIOS. R1-COUPLED ENERGY
R1-REMAINING ENERGY

l

ANGHT=0+30
ANGVT =0+, jPHITY

RTINSO




EHTP= ElH*e (ANGHT)
EVTP=E1V*e ANGVT)

]

MULTIPLY BY CROSS COUPLING FOR TRANSMIT
EHT=EHTP*R1+EVTP*R2
EVT=EVTP*R1+EHTP*R2

i »
PHASE SHIFT IN RCVR

PHIRH=0,
PHIRV=0.

INPUT FREQ
AGILE STEPS
NSTEP

’-/
NPUT FFT

SIZE

NFFT

NPUT
DATA FILE NAME
IFILE

e et ¥ NN L A s sl
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READ DATA FILE
NOISE-ON OR OFF (1 or 0)
RIFBW-RECEIVER IF BANDWIDTH
RNFDB-RCVR NOISE FIGURE IN DB
CF-XMIT CENTER FREQ (HERTZ)
FBW-FREQ AGILE BANDWIDTH (HERTZ)
PRF-PULSE REP. FREQ (HERTZ)
PTPWR-XMIT POWER (WATTS)
CR-COMPRESSION RATIO
GAINA-ANTENNA GAIN (d8)
RANGE~RANGE TO LEADING EDGE OF RANGE CELL (METERS)
DBLOSS-SYSTEM LOSSES (dB)
ASCALE-AMPLITUDE PLOTTING AMPLITUDE SCALE ( VOLTS)
NSCAT-NUMBER OF SCATTERERS

L

CALCULATE
DF=FBW/FLOAT(NSTEP-1)-FREQ STEP SIZE
ANTG=10.** (GAINA/10.)-ANTENNA GAIN
ANTG2=ANTG**2-ANTENNA GAIN SQUARED
RANGE4=RANGE**4,-RANGE TO THE FOURTH POWER
SLOSS=10,**(DBLOSS/10. )SYSTEM LOSSES IN EITHER H OR V CHANNEL
VARI=50,*1,38E-23*290, *RIFBW*RNF

EAD SCATTERERS' DATA
TYPE, SIZE, ROTATION ANGLE, DISTANCE

+

CONVERT ROTATION ANGLES FROM DEGREES TO RADANS

K 3

SET NOISE FREQ ACCUMULATORS TO
ASHRH=0
ASNRV=C

£2




FIRST FREQ STEP TO 1
IFSTFQ=1

s

GENERATE FREQUENCY F
FROM FUNCTION FREQ (IF)

CALCULATE WAVELENGTH
A =C/F

|

CALCULATE PHASE SHIFT DUE TO FREQUENCE

PHIF=4 T/ A

|

CLEAR COMPLEX ACCUMULATORS
FHACC=0+30
EVACC=0+30

o
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;

INDEX A SCATTERER

r-———t

CALCULATE TOTAL PHASE SHIFT DUE TO FREQ & DISTANCE
PHIFD=PHIF*SCATER (I, 4)

JCALL A SCATTERING MATRIX SUBROUTINE
BY SCATTERER TYPE

CALCULATE TOTAL PHASE SHIFT AS COMPLEX EXPONENT

ANGH=0+j (PHIRH+PHIFD)
ANGY=0+j (PHIRV+PHIFD)

y

CALCULATE PHASF SHIFTED RE-RADIATE H&YV WAVES
ETHOR =EHT*e - (ANGH)
ETVERT=EVT*e~(ANGV)

1

CALCULATE AMPLITUDE ATTENUATION FROM FUNCTION BSCALE
SCALE=RSCALE(LAMDA)

PRSIESS——

6u




CALCULATE RE-RADIATED SCATTERER ENERGY
EH=SCALE (S11*ETHOR+S]p*ETVERT)
EV=SCALE (S71*ETHOR+S5*ETVERT)

RECEIVED AT ANTENNA

L

SAVE EH
EHTP=EH

|

CALCULATE ANTENNA CROSS COUPLING EFFECT
EH=EH*R1+EV*R2
EV=EV*R1+EHTP*R2

L

ACCUMULATE SCATTERER EFFECT IN H&V
EHACC=EHACC+EH
EVACC=EVACC+EV

LAST
SCATTERER?

NO
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ET GAUSSIAN NOISE AMPLITUDE
CALL FUNCTION VNOISE
VN1=VNOISE(SD)
VN2=VNOISE(SD)

[

i

|

GET UNIFORM RANDOM PHASE _ !
|

|

CALL RANPH(PN1)
CALL RANPH(PH2)

GENERATE I&Q NOISE COMPONENTS FOR H&V
VNHI=VN1*COS(PN1)
VNHQ=VN1*SIN(PN1)

VNVI=VN2*COS(PH2)
VNVQ=VN2*SIN(PH2)

COMPLEX NOISE VALUES

VNH=VNHI+jVNHQ
VNV=VNVI+jVNVQ

|

ACCUMULATE NOISE FREE SIGNAL FOR H&V CHANNELS
ASNRH=ASNRH+CABS ( EHACC)
ASNRV=ASNRV+CABS(EVACC)

ADD NOISE TO SIGNALS "

EHACC=EHACC+VNH
EVACC=EVACC+VNV

A —— e
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B e ST

GET I&Q OF HORIZ CHNL
HI=REAL (EHACC)
HQ=AIMAG(EHACC)

—

GET I1&Q OF VERT CHNL
VI=REAL (EVACC)
VQ=AIMAG(EVACC)

1

CALCULATE HORIZ RCV SIGNAL PHASE ANGLE
HZANG=ATAN2(HQ, HI)

4

CALCULATE VERT RCV SIGNAL PHASE ANGLE
VTANG=ATAN2(VQ, VI)

|

CALCULATE PHASE ANGLE BETWEEN H&V REFERENCE
TO HORIZONTAL
BETA=VTANG-HZANG
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NORMALIZE BETA TO + 180 DEGREES

|

STORE H&V PHASE ANGLES
SBETAH( IF ) =HZANG
SBETAV(IF)=VTANG

!

STORE TRANSMIT FREQUENCY
SRFEQ(IF)=F

-

STORE H&V I8Q SIGNALS
HISAV(IF }=H1
HQSAV( IF )=HQ
VISAV(IF)=VI
VQSAV(IF)=VQ

-

STORE MAGNITUDE OF H&V SIGNALS
AHSAV{IF =CABS§EHACC
AVSAV(IF)=CABS(EHACC

—

STORE PHASE ANGLE BETA

| BETSAV(IF)=BETA

@._4
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CALCULATE & STORE RHC RECEIVE SIGNAL
RHCSAV(IF)=1//2 ((HI-VQ)+j(HQ-VI))

|

CALCULATE & STORE LHC RECEIVE SIGNAL
LHCSAV(IF)=1A/2 ((HI-VQ)+j (HQ+VI))

CALCULATE LHC PHASE ANGLE
LBETA=ATAN1((HQ+VI), (HI-VQ))

CALCULATE RHC PHASE ANGLE
RBETA=ATAN1( (HQ-VI),(HI+VQ))

CALCULATE PHASE ANGLE BETWEEN RHC & LHC

USING RHC AS REFERENCE
CBETA=LBETA-RBETA

NORMALIZE CBETA TO + 180 DEGREES
STORE CBETA
CBETAS(IF)=CBETA
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CALCULATE INTEGER POWER OF 2 FOR FFT SIZE
N-ALOGIO(FLOAT(NFFT)/ALOG10(2.)+0.5

1 B
_ i

r'—“' !

IRUN=1 YES CALL ANORM ‘ .

NO

INITIALIZE SIGNAL TO NOISE VALUES
SNRH=99 99
SNRV=99.99 |

. NOISE ON

NO_
YES

CALCULATE AVERAGE v_em_s PULSE SIGNAL TO NOISE RATIO IN dB
SNRH=20, *ALOG10( 1/ 2¥ASNRH/NSTEP /SD
SNRV=20, *AL0G10( 1/ ¢/ Z*ASNRH/NSTEP /SD

%
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( ) |
I

K

v i‘

SET UP AUTOMATIC HARDCOPY
AND
DATA PRINTING IF DESIRED

I
_l |

i
PLOT AMPLITUDE ?
;‘

VS FREQ

HORTZONTAL - 1ST ITERATION
RHC - 2ND ITERATION

<

3 PLOT AMPLITUDE
g VS FREQ

VERTICAL - 1ST ITERATION
LHC - 2ND ITERATION

A

PLOT PHASE
VS FREQ LINEAR PHASE ANGLE - 1ST ITERATION
CIRCULAR PHASE ANGLE - 2ND ITERATION

OaO

(A

LD LS R e L e YN R, L




LOAD ARRAY VALUE
WITH DATA FOR FFT

PERFORM INVERSE FFT OF
ARRAY VALUE

|

PLOT FFT NORMALIZED AMPLITUDE
VS DISTANCE

PLOT FFT PHASE
VS DISTANCE

COHERENT-H,V,RHC,LHC
NON-COHERENT-H,V,RHC,LHC

COHERENT-H,V,RHC, LHC
NON-COHERENT-H,V,RHC,LHC

COMPLETE
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RUNS

COMPLETE?
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FORTKAN vV VOIC=U3F¢+ THU 28=UCT=382 v0:US:ve PAabE Vvl
Quvl PrRUGNAM SIMPTS
C
C PRUGKAM TU SIMULATE TrE wF GUIVANCE TECHWOLUGY'S PULARIMETHIC
C TECHNULUGY SEEKER (PTS),
C
C aRLTTEN 8YS F, W, SEUVENGUIST aND R, F. RUSSELL 4=Fto~82
%
C LATEST UPDATE: 28=~0UCT=-d2
C
vy InTELENR wXAXISL2V)  NYAXIS(20)
vyl INTEGER IFJLE(Q),nxu]T(2)
(T REAL LotTA,LAMUA .
uouY CUMPLEX VALUE(250)
ovue COMPLEX AVLVAL
Yoyl JIMEnS (U SFREWY(250)
DI DIMENSLION SocTAH(25b),SBETAV(256)
vouY DIMENSIUN SCATER(L1UU,8),aHSAV(256) ,AVIAV(256) BETSAV(296)
vuliv UImENSEUN hudAv(250) ,t]5AV(290) ,vuSAV(2S3b),Vv1ISAV(2SE)
vull vIMENS[UN CBETAS(256)
uule vIMENSIUN A(2V)
vuli CUMPLEX RNLCSAV(256),L1C3AVI2S0)
vul4 COMPLER SMATRX(2+2) vt s EV L TRURIETVERT ,ANGN o ANGY yERTP e vTP, T EVT
vl COMPLEX ANGHT,AnNbVT
vile COMPLEX EMACC,EVACC,VvNH, YNV
wil7 COMMUN /WURKF/ZLIFSTFU, [TUP,LSTEP,NSTEP,OF ,CF,Fuw
0018 CoOmauN 7aKSCT/ SCATEK,SMATRX
voly COMMUN /HEADZALSUL,WOCAT,GAINA,MOLSE,
1 RANGE pUBLUSS o nXMIT, IFILE,SL,BIG,
1 SRy SNV, SRNI , SNRNJ, SNRVYI, SNRVO, SwR
Uie0 COMMON /WONK/HUSAV,HISAV,VUSAV,VISAV,SFkbuw,SBETAR, S8t Tav,BETSAYV,
1 RACOAV,LNCOAV,C3ETAS,aAnRSAV,AVDAY,
1 VALUE
vuel COMMUN /916 vAL/PTPAR, RANGEY,Ch,ANTG2,SLUSS,PLUC
C
C INITIALLIZATON vALUES
uled vIiUSKe=1l.79GRT2,.)
el uvUlLI3=1,.,E=6 IMICRU=VULTS SCALEK
vice C=é.949793¢s
vues 1CrY=y
vuge IRUNE]
wuel PIs3,14159
vuved riczse 2P|
ey PlusgxPle
v s PlaCspPluansd,
vusl CONSrI/10u, (CUnNVERT OBEuLktES 10U NADIAWS
C
yose CALL PLUT ()
vuss CALL v1dCSz(1)
vu sa TYPE 0QUS
[TE S ACCEFPT BuU4,AlDILL
yu e LALL XmIt(ElmsdvePrliv,inxmlT) -
vus? RISSURT(l,=luvero(=AISUL/1V,.)) IREMAINT G vULTALE wAT]u
vuss NEZluan(=Al30L/EV,) JIKANSFENREY vuLTAaGce wATlu
C nurl2 VxAdall Pung

™




FuxTkAi IV VO1C=u3F+ TrHu 28=uCT=82 002USIUL PAGE vu¢

uv 39 ANGHISCMPLX(U.,0,)
Y] ANGVTIECMPLX (U, /PRITV)
vl EHTPIELHACEXP (ANGHT)
udae EVIPSELVveCEXP(ANGVT)
- [ HORIZONTAL [RAWSMIT CUMPUNEN] AITH ANTENNA X=COUPLING
) [TOI'X] EHTZENTPRRI+EVIPaR?
[o VERTICAL TRAWSALT CUMPUNENT wITH ANTENNA X=CUUPLING
"1 EVISEVIPANL+ERTPRNRS
- LudasS PhRIkNSY, {PHASE SnIFT TO RECELIVEDLD muR 516
yuub PRIkVSY, 1PHASE SHIFT TO wkeCelvEu veRrRT Slu
vus? TYPE 0003
IR Gods ACCEPT buve,STEP
! vo49 TYPE ouvl

Utinod ACCEPT opuu2,nwFFT
vuSl 11111 CALL PLUT (V)
[T TYPE 6000, IRuUN

xax ALL INPUT DATA IS <tAu FROM ¥FIte InPul TO IFILE

e o AP s
[N N of

Yus3 ACCEPT bule,IFlLe
(-1 CALL ASSIGHW (22,1FILEsv,'wOU")
yusy READ (22,00u2)NUTLSE JEWTEX U FUR «UISE UFF, 1 FUR “OISE un
U05e KEAD(22,0VV4)RIFSA (ReCEIVER 1IF oAmnunivin Iy nEnil
wus7 READ(22,60V4)RNFUB IRECEIVER WNOISE FIGURE In DY
uusSd KNFS10,en (knFOB/720G,) IRECEIVEN wO1SE FIGURE
C VAKIANCE = KKTBwF
via9 VARIZ(SU %) ,38E-232290,*RIFBnaRNF) 1S90 Unm LAPEOANCE
[TIVI-1Y] SD=SuUrT(VARY) ISTANOUARL DEVIATION = SORT(VARIAWCE)
vdol KEAD (22,6U04)CF LTRANSMITTER CENTER FREGUENCY .
vvee KEAD(22,0004)FBN LFEJUERCY AGILITY BANDWILTH
vuo3l HEADL22,0Vud)PrF ITANSMIT PULSE REP Fobud :
uJbd UFSFoR/FLUAT LN TEP=]) ;
Y NReAD (22, ,0Uvd)PIPan  SAVERAGE XMIT Pam nuRIZ OR vExT CHAGWKEL
L ARMEN AMEITTER TURNEYD ulv LleEe xMIT Puaex/2)
yvoo REAV(22,0VU4)CK LCOMPRESSTIun wallQ
wvol READL122,00VU)GAINA  JANTEVYNA vAln In O
Vvod ANTGES10ar(GAlNA/ LU, JAWTENKA GALN
VoL ANTG2=ANTGRRZ2,
. vuiy REAU(22osOUUSJRANGE IRANGE Itv AETENRS Tu CELL UF InTENEST
wu71 KANGEJ4ZRANGE N YU,
vo7e KEAQ (22,0004 )}DBLUSS {SYSTEM LUSSES In UB Fum ELTHER 1 UR V ChnANNEL
vu73 SLUSS=1v,. 2 (UBLUSS/1v,) ISYSTEM (USSES EITHER CHANWKEL o uk v
vulae REAU (22,6V04)ASCALE 1AMPLITUUE SCALE Max SCALE
C
C THE EXT LINE MUST ob wumger GF SCATTERS TU pE Weau
c FROM inPUT FILE
¢
C THEN EACH SUCCEEDIfL LINE SILL CHARACTERIZE THE SCATTE~EwS A3 FULLIASS
C
™
C SCATEwR(I,1)=TYPE
'™ enlEx 1 FUR FLAT PLATE
c e Furx VINEURAL
C $ FUR I«lnrEonAL
15
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FOKTrAN [V VOLIC=03F+ Tnu 28=UCT=82 V05308 PAaGt V03
% 4 FUR VIPULE
C
C  SCatEn(l,2)= SIZE (80 SETERS)
C SCATEKR(1l,4) = ONIeNTATIUN ANGLE IN DEGKEES
C SCAlen{l,4)=0~E AAY DISTANCE FRUM LEADING ELUGE UF RANGE CelL (METERS)
|9
guls READ (22,6V02)NSCAT
vule CALL PLUT (V)
vul? CALL Vv14C32(4)
vols Tyrt o9lu, IFILE,ASCALE,NSCAT
vyl9 VO Sv I=31,NSCAT
uoby READ (22,6UL1)(SCATER(I,R),K=Z1,4)
vousl  su TYPE 69UY, (SCATER([,K),K21,4)
vuoae CALL v14CSZ(1)
vuoe3l CaLL CLNSEL22)
vuod L0 by [31,NSCAT
JuUoS bu SCATER(I,3)=3CATER(]l,3)=CDk
vuds LFoTFus LSTART FREW o STEFP | OF UP =AMP
POy ASNRNMZY, LIeITIATE ACLUMULATUKR FUR WUISE=FREE H CHAnEL Sluval
yvod ASnKRVIy,
vioy Lo 2u0 IF=1,NSTEP
vuov FEFRLW(lF)
uuyl LAMDASC/F
vuYe PHLIFSPL4/LAMDA
yuYs ENACCSCMPLX(V,.,0,) {INITAITE n ACCUMULATOR
yuvde EVACCICA4PLX(v,,U,) {INITIATE v ACCUMULATON
vIvsS V0 1uy [=1,N3CAT
uuYe PHIFUSPHIF*SCATER(I,4)}
vuy? CALL GETSM(I)
vyu94 ANGHSCMPLX (0, ,PHIRH*PHIFY) JEFFECTIVE HUR PHASE SHIFY
yu9y ANOYSCMPLX (U, , PHIRVEPHIF) IEFFECTIVE VERT PHASE SHIFT
vivv ETNUKZEATECERP (=4 uH)
vlvl eTvEnRTStvTaCeXP(=aNGY)
viue SCALESRSCALE (LAmuA)
vivs EHSSCALE®XISHATRA(L 1) 2ETHOR®SMATRX(),2) tE TVENRT)
vivd EVESLALER(SMATRR(2¢1)2ETHOR®DIMATRRL2,2) *eTVERT)
vivs cHIP3ER 1SAVE PURE RECEIVE HuUKR 31GwAL
vive trstnax ] +*Evenre
lv? EvZEvarleenTPeane lUSE PURE nCR SIG
vivs tHACC=EHACC*En
viug 1ov EVvACC=EVACCery
vile [FANUISEJEW.V)GOTO 120
vlie vivnlSVAUISE (SVL)
il CALL wANPA(PN])
vila vhN2Ev VuldELSV)
Uity CALL <AnPR(P42)
vile vivnsvnieCul(P 1)
vtil? VARGV YIRS (P 1)
vile viswi3viigntud P v2)
viiy Ve VwEyndaSl viPe)
viév VOHRSC WL (VNAL, vV aHy)
viel VavalarlL k(v ,vI,svivu)
viee ASIRHZAS wkn+CADS LEHALC) LalCusGLATE A wUloterNet Slowal
viegd ASHRVEASwKV+CABS(EVACC) JALCUMULATE v wolbb=brRte SL0 AL




FumTwAn v

uled
vuiled
vice
via?
uies
utevy
0130
ul31
vl e
J13538
V13>
0136
vi3s
V139

[73 L 2V)
viue
viul
vledS
vlu?
viesd
V149
[ %-1Y]
ulst
0192
'3 &-¥1
vide
V155
vlido
vin?
ulna
vis5y
vliov
viol
Jtlad
vies
ied
vie7
vieod
ylo9
vitv
vi?e
vi7s
vliia

viTe
uir7

vi7é

1ev

13v

OO 06 -

duv

c
C
C

et

8y

CALCULATE avENRAULE RmMS UISE~FREE SINGLE PuLSE Sivk Fuw EACH (HA'NEL

VUIC=U3Fe Trnu 2o~uCT~d82 uvuiuvivg PAGE wUd

EHACLZENACC +VYNNH LAuy NUISE Tu n S1GNAL
EVACCSEVACC*ViY tauD NGISE TUu v S16GiAL
LUNTINUE

nlasxkeaL (EnACC)

ndSAL1AG(ENACC)
vIZREAL (EVACC) !
vusALmMAG(EVACC) '
RLANLSY .
viANLSY, ]
LF ML EQ, 0.0 AND . HULEN LU U)GUTU 150 3
N2ZANGISATANZ(NU,HL)
IF(vIeed 0,0 AND, VD, kU,0,0)6UlC 140
VIANGZATANZ(Vu,vi)

sETAsVIANG=HZANG

QEFINITION? BETA IS5 2ERO(V) Mr EITHER HUNIZONTAL
UR VERTICAL ANbLE 1S 2ERU,

LF(MIANG EWe V0, UR,VIANG,.EQ, V. v)BETARY,
GETASAMUU (BETA,PL2)
IF(bETA 0T . Pi)oETA=BETA=P]C
IFA\BETA LT, ,=PI)dETA=PIC*dETA

S8t TAN(IF)=HZANG

SBETAV(IF)=vTANG

SFrEW(IF)=F

HWSAV (IF) =y

nHISAV{IF)=nl

VUSAV(LIF)=vy

VISAV(LF)=vl

ANSAV(IF)=CASSLERACC) ICALCULATING PEAR nURIZ AMPLITUOE
AVSAV(IF)=CALSLEVACC) SCALCULATING PEAR VERT AMPLITUVE
oeiSAv(IF)=B8ETA
KHCSAV(IF)SVIUORCoCYPLA((Rlevu), (Hyev]))
LrCSaviIF)zvivonaCPLA{ (N [*sVvi) s (nuev]))
LobTaZaTANS ((nutv)elnl=Vyu))
NoETASATANG((Ru=vi)}s(nlevy))
CocTASL3ETA~nEBETA

CoeTaAzsaA4U(CoETA,PL2)
IF(COETA,GT.PIICOETA=COETA=P]
LF(CotlA,LT . =P[)CotETASCHETASr]

Cot TAS(IF)=CuoETA

CconTinyE
WNEALUGLO(FLUAT(NFFT)/ZALUGIVL2,)*0S
IFLINUNLEDLL)CALL ANURMIN, sFFT,NSTEP,H1G)
SANNNII9, 99  LvaALUE [F NULSE (S Tukheu UFF
SNKVYSYY Y9

LEANUIDE (EW.v)u0T) 21V

SURMZ2U *ALUGTIV(VIUSKEHASAKH/Z (FLYAT (3 TEP)ASD))
ONRYZ2u . *ALLLIVI(VIUSREEASYRV/ (FLUAY (n3TEF)aDV))

CALL Swxt1d4)

77

VR
RERTIRE it N
e PP S0 el Lk



FOxTrAN [V VUIC=U3Fe THu 28=-uCT=82 VLIUSivE PAGE vuS

vl?l9
viol
viol
vlod
vlod
vlosb

vioe7
vios
vioY
ulwy
ul9l
Ulve
AR K]
vivd
vuly>
vivo

ulw?
ul9y
vliv9
veuvy

vevl
gave
vlvs
vevy
vevl
veuv9
vélu
udll
uels
vele
vels
02io
vei?
vualas
uélv
veeu
véel
ueed
vees

v2eud
véeH
vééo
vee!l

vlcee
véey

eev

29v

300

o0

4ouv

4iv
“ev

o000

IFLLAND (1Sn,2) .E4d.2)ICPY=]
LFLIANO(ISA, 1) sEu,v)LUTO 250

CALL ADSIGN (B,'LP: ',0)

AarR1TE (bs0VLB)

U0 2e¢u I=31,NSTEP

WRITE (6,0V07)5FREUlL),HISAVLL) ,HUSAV(I),vISAVLI),vuSav(]),
1 ARSAVLUL) ,AVOAV]) ,BETSAVI1),S3ETAN(L),SBETAV(])
CALL CLYUSE (o)

CALL ASSIGN(2R,'UK:PTISSIM,NAM ',y,'RPU0Y)

iCIR=vy

CALL PLUT (V)

IFLIRST=1

XM InNS(CF=FBw/2,)71,t9

AMAXZS (CFeFon/2,)/71,.EY

YMiNz0,

YMAXZASCALE

CALL AXES(A,XMLIN, XMAX, L XMAX®XMIN)/SUq)TMIN, TMAX,
1 (YMAX=YMIN)/SU .o XMIN, YMIN,B840,,600,,1%5v,,10v,)
REAU(22,00UDB)NXAX]ID>

REAL(22,0VUB)NYAR]TDS

CALL LAOBEL (A, NXAXKI2,NYAX]S)

CALL nEADER

PLOTTING nORIZ UR RnC AMPLITUUE

V0 “uu IF=1,wSTEP

ASSFREW(IF) /) ,.E9

WFUICIR.EQLU) Y=ANSAVIF) IGETTING PEAR HUNIZ AMPLITULE
LFLICIR,EQ,. 1) YSCABS(RACSAV(IF)) IGETTING PEAK ®RRC aMPLITyOE
LFCIF IRS) JEQ.1)CALL LINE (A, X, Y/7UVOLTS,u)

IFIRST=U

CALL LINE(A,X,Y/uvyLiS,1)

(FUICPY.ed,u) wUTG dlv

CALL "wULPY

CALL STALL

vuly «wev

ACCEFT 6UUb, [ANS

CALL PLOT (v)

IFiRST=1

AMENS(CF=FBAa/2,)/1.,E9

XMAXS(CFeFa/l.) /1 E9

YyMinzy,

YMAXZASCALE

CALL AXES(A)AMItd, XMAX ) LAMAX=XMIN)/SU 0 YL Vo YMAR,
1 (YMAXSYMIN)/SV s xMIN, YMIN,BOU,,0UV s 1DV lVV,)
REAQ(22,060Ub)NXAXTS

<EaLL22r0uU0b) SYAK]S

CALL LacseL (A, axdrlo,eYaxls)

CALL HEAUEN

PLOTTL o venT un LRC a«rLiTuuE
U Suv [F31,nSTEP

A=oFnxbutlF)/1,E9
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FURTRAN IV VUIC=03F+ THU 28B=UCT=82 VU30US:Vd PAGE V96
veso IFLICINKGCEW V) YSAVSAVLIF) JGEVYTING PeAn VEXT AMPLITUULE
vese LF(1CINtQe1) YSCABSULLHCSAVLIF)) JLUAVING PEAK LHC AMPLITUDE
ve s IF(IFIRST,EU 1)CALL LINE(A,X,Y/7UVOLTS,v)
véis IFInST=0 .
ves!?  Suv CALL LINE(A,X,Y/uVvuLTS,l)
veis [F(ICPY,tQ,0) 6CTO Siv
vedu CALL ArUCPY
védl CALL STALL
véue sUTQ Sev
w243 Sl ACCEPT 6UVUb,IANS
veud  Sev IF [RST=1
vean AMINS (CF=FOnN/2,)/1,.EY9
vldo AMAXS (CF+Fun/2.)71,€9
veud? YMINZ=18V,
vdus YMAXS18U,
yau9 CALL PLOT(0)
vesu CALL AXES(A/XMIN, XMAX, (XMAX*XMIN)/SU .y Ylivg YMAX,
1 (YMAX=YMIN)/SU s XMIN, YMIN,B840,,600,,150,,100,)
uesl READ(22,00UB)INXAXIS
vese READ(22s0UVUBINYAXIS
vass CALL LAOELCA,NXAKIS,NTAXIS)
"r$>1] CALL HEAVEK
C
C PLUTTINe PHASE UETWEEN H & V OR RHC & LHKHC
C
0254 00 600 IF=1,NSTEP
vass ASSFNREQ(IF)/1.E9
ves? IFLICIRLEQ.V)YSRETSAV(IF)»180V,/P]
V259 IF(ICIK.EQ.1)Y=CDETAS(IF)*180u,/PI
véol IF(IFINST.EQ.1)CALL LINE(A,X,Y,0)
Jvéosl LFIRST=0
véod bolu CALL LIne (A X,Y,4)
vaos IFCICPY.ed.0) wOTO 610
véol CALL HROCPY
veéos CALL STALL
ua2o9 e0i0 oy
vel/uv eolv ACCEPT 6u0b,1AnS
véll oev COnT inyE
vele V0 150y IFFT=1,2
vels 00 1vlv [=1,~FFT
veld 1V10 VALUEBL(I)SCHPLXV.pv,) JZERO QUT CUMPLEX bJUFFER vaLUE
uersy U0 1ueu =1, nSTEP
vele IF(ICIN.EQeV ANDJIFFT EQ.1)VALUE(I)=
1 CMPLXLNISAV(I) ,nuSAav(I)) ILVAU Qdufbex y1Tn MURIZ I8
vers IFVICIREG .V ANDIFFT EQ,2)VALUELL)S
1 CMPLX(AnSav{l),ve) JLUAY OULFFER SEAlL PART alTh nURIZ avp
véou IFLICIREDL L ANDRJIFFT B, 1) VALUELL)=rRHCSAYV(I]) ILUAU BUFFER alTm <n
véoe IFCICIREdal JANDIFFT e ,2) VALUELL) =
1 CHAPLX(CABI(RHCSAVLLI)) V) LLUAL SUFFER SEAL PAkT alThH RHC PEas
vdod 1020 COnTI wyE
véoy AVGVALSCMPLX LU, ,V,.)
véod WOl 1vlv

c
¢ Re™UVE DC VALUE FxOM FFT INPUT (L1F [MPLEMENTED)
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FORTRAN 1V
C
Cc U 1uSY I=1,wSTEP
CluSv AVLVALSAVLVAL*VALUE(L)
C AVOVALSAVLVAL/FLUAT (WSTEP)
C DO 1vey I=1,nNSTEP
Cluov vALUE(I)=VALUE(I)=AVLGVAL
ves? 1u70 COnTLwUE
Cc CALL OHAATE(VALUE,iv)
uéod CALL JLUGN(ivyVALUE, *1.)
vas9 CALL PLUY (v)
vedu DELX=C/(2.aF0n)
va9l IXMAXZIFIX(DELXR(NFFT=1)+0,5)
veye INEMANSMUD (I XMAX,S)
veys LF (IKEMAN,EQL.0)6UTU 1080
ve9s IXMAZS[AMAX e (S=IREMAN)
uévye 1ubld xMInNS0,
0e97 AMAXSFLOAT (IXMAX)
véys TMiNzUY,
uéyy YmMaXE]L,
v3ivy CALL AXES (A, XM, XMAK, (X1AX=XMIN)}/Su,,
vivl NEAU (22,00Ub)NNXAXIS
vivg READ (22,06V06)«YAXLS
[TE{TE ] CALL LABEL(A,NXAXIS,ivYAX]S)
v3uvd CALL nEAVEKR
C
C PLOTTING FFT OF HUREZ Ox RMC CHANNEL
C
03us 00 110U I=21,~FFT
v3ve xs(I=1)vELX
viu? YSCABS(VALUE(I))/BI6
EYL) CALL Live(A,X,UqepU)
viuy  11uu CALL LIiveE(A,x,7,1)
vily IFLICPY edev) LOTU 111V
vsle CALL ~rOCPY
vil3 CALL StaALL
viiue GJTU 1120
3l 1110 ACCEPT oulb, [ANS
L3ib 1120 UALL PLOT (v)
v3L?7 xmInso,
viie AMAXSFLUAT(IxMAX)
v3i19 YM[nZ=[8u,
vién YMAXZ L BY,
v3cel CALL AXES (A, xMIN,XMAKX, (XMAXeXMIiW}/9u,,
v3ee REAU (22,60ub) NXAX]IS
v3icel READ (22,0uvv0)nNYAX]S
['EY-£) CALL LASEL LA, NXARIS,nYAX[D)
viehy CALL rEAVEK
C
C PLOTTLIuG RUKTL Ux RAC FrT PrASE AnLE paTlTa
v
v3eb VU 12uvy I=1,wFFT
viel x=([=1)*DELX

1 T YAAR, (YMAKSYMIN) /DU g XMIN, TIN,BUULbUUL, 150 100U,)

1 YAING YMAR, (YMAXSYMIN) /S50, o XMIN, YN yp88d0apbVU,s15uepluls)

VUIC=03F¢ THU 28-UCT=82 UU3IUS:08

LFFT INPUT AEIGRTING 1+ CALLEUV
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R

izd

Funtran Ly

u3és
u3ec9
V45
vide
i34
0355
(R ¥ 1Y
V337
u33¢
U340
vist
0342
Y348
viag
viusS
Viap
vial
0348

vi59

v3se
visa

vise
u3a?
¥3s58

v35Y

0300
uiol
vipe
viel
vib4
v3es
vibo

0367
v3od
y3eY
v3lv

v311
vire

1200

121y
1509

2010

2020

-2yus

OO0

on
e N
-~
S @

[
[
C

VO1C=03F¢ TnU 28-uCT=82 OU3UStUD PAGE 008

YSATANZ(AIMAGIVALUELL) ) »REAL(VALUE(TL] )]

YSAMUDLY,PE2)

IFiY . 5T, PL)YSY=P]2

LF (Y LTa=PI)YSPIR*Y

YSYysfdu,./P1

CALL LINE(A,X,0,,0)

CALL LINE(A X,¥,8)

LFLICPYEQ,U) GwOTO 1e1v

CALL nxQOCPY

CALL STALL

Q10 1590

ACCEPT bulb,IANS

CONT INUE

V0 2500 [FFYs1,e

VU 2vly [21,WFFT

VALUE (L) SCMPLX (U, V) $LERQO QUT CUMPLEX guFFER VALUE

DU 2u2l I=1,NSTEP

IF(ICIR,EQ. 0. AND IFFT EQ,1)VALUE(I)=

1 CMPLX(VISAVIL) VOSAVII)) (LUAD WUFFER wlTH VERT T80
FFLICIN.ED.OLANDLIFF T EQ.2)VALUE(L)=

] CmPLRLAVSAVLI),U,) tLuAD BUFFER REAL PART wlTH VERT AmMP
LFQICIN.EG 1 JAND L IFFT EQ, 1) VALUELT)2LNCSAV (L) LLUAU BUFFER NETH Lt
LFCICINGER L oANDLIFFT  ER.2)VALUE (L) =
1 CHPLX(CABS(LHCSAV(I)I,0,)
CONTINUE

AVGVAL=CHPLX(V,,0,)

6010 2v70

$LUAU QUFFER REAL PAKT wiTH LHC Amy

REMOVE UC VALUE FROM FFT INPUT LIF IMPLEMENTED)

00 2uSyu [=21,~NSTEP
U AVLVALZAVGYALYVACUE(L]}
AVLVALSAVOVAL/ZFLUAT (WSTEP)
JO 2ubd [=1,4STEP
VALUE L) SVALUE(T)=AVLVAL
COWTINUE
CALL on#ATE(VALVE,N)
CALL NLUGNINgVALULE,*Y,)
CALL PLOT (4)
AMEnz0,
AMAXSFLOAT (IXMAX)
YMINZ0,
YMAXSY, .
CALL AXES (A, XmIt, XMAY, (AMAXeXMINI/SVa,
t YMLdg YMAK, (YMAXSYMIN) 7504 XMIN, YMIN, 840,000, 19U ¢ 21UV,)
RKEAD (22,5U06)NXAXLS
REAUD (22,6UUb)NYAX]S
CALL LAGEL(A,wXAXIS,NYAX]IS)
CALL AEAuEN

<

SFFT INPUT AEIGWTING IF CALLEL

LOTTING FFT UF VERT 0® LAC (nnu

VU 21uy 131, 4FFT
XS(I~1)rDRLX
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FORTHAN LV VUIC=U3Fsr ThHU 28=UCT=82 VL2050 PAGE 009
u371s YZCAUS(VALUE (L)} roib
uitd CALL LINE (A X,0,,0¢)
vily 21v0 CALL CLINECA X, 7,1)
uldile IFLICPY ,Ewau) LOTU 211U
0374 CALL HRULCPY
PRYA ] CALL STALL
'51.2% G010 2120
v3o0l 2110 ACCEPT bulb, JANS
vule2 21¢v  CALL PLUT (0)
v3ss XMINSO,
Jiou AMAXSFLUAT (I XMAX)
J36S YMINZ=~180.
vise YMAXZ1H8y
vin7 CALL AXES (A XMIN)XMAK,) (KAAX=XMIN) 7SV,
1 YMIN, YA, (YMAXSY[N) /S0, s XMW, YMIN,Bdu,,bUu,,19%0,,190,)
['3.1-1.1 READ (R22,bU0b)INXAXLS
0369 NEAD (22,6U006)NYAX]S
ELTIY CALL LABEL(ANXAXRTIS,nYAXIS)
uivl CALL AEAyuEw
C
C PLOTTING VERT ygn LnC FEI VYHASE ANGLE
€
'EL T ud 220y =1, nFFT
v3igs k=(I=1)=DELX
0394 YRATANQ(AIMAG(VALUE(TL) ) JREAL(VALUWE(L) )
L39S YEAMUD(Y,Pl2)
v39b [FLYGT.PL)Y=Y-P]R
0398 IF (Y LTe=Pl)Y=PlReY
PR YEY«189,./P1
vdul CaLl LINECA,X,V,.,0)
veu2 22uu  CALL LINE(A,Xx,Y,1)
vays (FLICPY,eG,0) wUTU eein
yuvd CALL HRULCPY
vidvo CALL StaLy
yuy? 6010 29uV
veys 221u  ACCEFT bUub, LANS
veu9  25u0  COnTENyE
vdaly IF(ICIR,EQL1)GUTY 2by0
vdle IC1IR=1
vull LOTU 300
vald 2600 CALL CLUSE (e2)
Gu1S InunaIune)
vdle IFLIRUN.EQ,.4)GUTY 3S0Vu
ud1d buTu 33111
[ G419 30uv0 CALL Vv14CSZ(4)
c
c
vdeU 6012 FOKMAT(8AZ2)
vacl 0011 FUrRMAT(4FRu,v)
uadd oULY FORMATCIX, 'FILE ~AMES "8AZ2/
1 LA, 'SCALES ",rT,0/71%, Y uMaeR SCATTEXRD: ¥, [0/)
Uaes bU09 FORMAT(IX,3(FT.2,%,%)sFT7,2)
3 Udcd  00YB FORMAY(1IX,T1S,°'FKEQ’,
: 1 T3, 'mORL 1%, 031,"munN2 U, Tad, 'vExT T, 197, verT ',
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FORTRAN IV

VOIC=u3F+ TnU 28-UCT=82 VYSUSivs PAGE 010

1 T70,'HOKRZ AMP*,T83,'"VEKT AMP?,T96,'BETA’,
1 TI09,'H BETAY,T122,"'V BETA')

FURMAT (/' NUMoER UF FFT PUINTS (LESS Or EdJUAL 256'/)
FORMAT (' RynN NyMBER ',I3//7' UATA FILE FOR SCATTEWERS'/)

04> 60UT FORMAT(1VI2X,1PEL1.4))

0426 o006 FOKRMAT(20AR)

y4e? 60uS FURMAT (' ANTEN~NA JSULATIUN IN LB')

u4es8 o004 FORMAT(FLU,0)

0429 o0u3 FORMAT (' NyMdER UF FREWUENCY RAMP STEPS?'/)

V430 ovve FORmMmAT(le)

V431 ouvi

V432 6000

yass (X ]]
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FURTKAN
NAmME

NXAXLS
NYAXLS

A
L3ETA
LAMDA
AVLVAL
cH

eV

£ (0K
ETveEnT
ANGH
ANLYV
EHTP
EVTP
EHT
evl
ALHT
ANLV ]
enACC
eVvACC
YN
VWY
ViuSke
SGrT
uvoLTs
C

icry
IRUN
Pl

rie
Plu
CDx
PLUT
v14CSse
AMIT
ElR
ElV
PrITv
LB}

re
CMPLX
CExP
Prlrm
PHINY
WFET
ASDJuw
KiFan
RifF LB
niF
vanl
PrF
FLUAT

iv
UFFSET

V0vouve
vouuse
Vuduvlce
volevo
volave
vlicliy
voreco
vulese
Vy124¢
vulasy
voidoa
vol1ai/v
vo13u0
001310
uoi3eo
V01330
vil3ay
Vu13sy
vililov
volidlty
vulduu
VY1419
vol4aey
Oovouo
voluéea
vol43¢
0u143a
yul43e
upluaag
volaayg
v01490
uulddHd
veuove
vovovo
youdyu
udldov
vildod
001470
v0lela
v015uy
VOououu
viyvui
V01504
vuliste
Vo151
uthuivy
vuldlo
vo15ee
vielSco
JulHvie
vulS3e
vovuuv

STURAGE MA
ATTHRIBUTES

LWTEGEKR®Z
INTEGERE
NREAL x4
KEAL %Y
REAL %4
CUMPLEX#*8
CIMPLEX*D
CUMPLEX %S
CUMPLEX =d
CUMPLEX %8
CUMPLEX»S
CUMPLEX®Y
CUMPLEX=8
CUMPLEX*8
CUMPLEX»d
COMPLEX*Y
CuMPLE X=d
COMPLEX»d
CUMPLE X %5
CUMPLEX*S
COMPLEX*D
CUMPLEX®d
REAL*4
REAL®G
REAL 24
REAL®4
INTEGER®E
InNTEGERRZ
REAL®Y
NEAL NG
sEAL %4
REALnG
KREAL %G
KEAL %Y
HEAL %4
KEAL®4
REAL Y
wEAL*Y
KEAL =4
sEALN4
CUMPLEX Y
CUMPLEXS
HEAL*4
KEAL Y
INTELENS?
KEAL*A
KEAL®4
REALny
KEAL*4
nEAL %Y
KEAL 4
KeALed

)

ARRAY (2V)
ARRAY (2V)
ARKAY (2v)
VARIABLE
VARTABLE
VARTABLE
VARTABLE
VARIABLE
VARIABLE
VARTABLE
VARIABLE
VARTABLE
VAKIAB(LE
VARTABLE
VARTAGLE
VARIABLE
VARTABLE
VARTASLE
VANKTAGLE
VAKIAOLE
VARTABLE
VARIABLE
VARIABLE
PROCEDURE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
YARTAGLE
vArTAOLE
vARIAGLE
VARIAnLE
PRUCEUDURE
PRUCEVURE
PROCEVURE
VARIABLE
VARTABLE
VARTABLE
VARTABLE
VARIASLE
PRUCEUURE
PRUCEDURE
VARTAGLE
VAKIABLE
VARIAGLE
PRUCEUVUKRE
van]lag E
VARTAGLE
VARTAOLE
VARIABE
VARIAOLE
PRUCENURE

8s
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FORTRAN 1V STURAGE MAFP

NAME UFFSET ATTRIBUTES

ANTG uyuls4e REAL®4 VARTABLE

ASCALE v01546 REALG VARIABLE

1 V01592 INTEGER®2 VANIABLE

K V01554 INTEGEK®2 VARIABLE

CLUSE v000Gu REAL®4G PRUCEOURE

ASNRH V31596 REAL=*4Q VARIABLE :
ASNRY V01562 KEAL®E VARIABLE

1F V01566 INTEGER®2 VARIABLE

F v01S70 KEALRY VAKIABLE

FREQ V0000V REAL®4 PROCEVURE

PHIF v0iS74 KEALnu VARIABLE

PHIFD V01600 KEAL®4 VARIAGLE

GETSM VOUOUY REAL*4 PRUCEDURE i
SCALE V01604 kEAL4 VANTABLE :
RSCALE 00U0VU0 REAL®d PRUCEVURE

VN1 V01610 KEAL#*4G VARTIABLE

VNOISE vOUUV0 HEAL=4 PRUCEDURE
KARPr—__U000UY REAL®Y PROCEVURE

PNl V0lol4e REAL#G VAR[ABLE

'L T v01620 KEAL®4& VARTIABLE o

(4T V0l6ed REAL®G VARIAGBLE i

vivn V01630 KEAL24 VARIABLE ’

cus VOVU00 REALRA PROCEDURE i

vivhi UU1634 REALRY VARTABLE |

Sin JUU0U0 «EAL®Q PRUCEDURE ]

vnvl 001640 KEAL®4 VARIABLE

UAL]] V0lodd KEALRG VARIABLE )

CAopS Q0V00Y REAL24 PRUCEDURE 13

Nl V01650 KEAL#»4 VARTABLE

rEAL VOUOUU  xEAL*G PRUCEVURE i

i U01654 wnEALRG VARTABLE

AIMAG vOUL0U REAL®4 PROCEVURE

vl V01660 KREAL®4 VARTAGSLE

Vi VUilbod xEAL®4 VArRTABLE

HZANG VUL6T0 REAL#4 VARIABLE

vIANG U0lo7d4 KEALY VArRIAGLE

ATANZ VOUOUY NEALNG PRUCEVURE

bETA V01790 KEAL4 VARIABLE

AMUD vOUOu0 wEALrd PRUCEDURE

nBETA V017v4 KEAL®Y VARIABLE

cocva V01710 wEALw~G VAKIAOLE

N V017318 INTEGER®Z VANIABLE

ALUGLIO0 VUV0U0 NKEAL®4 PRYCEDURE

ANURM vO0uvu0 KEAL®G PRUCEDURE

San VOUULU REALWY PRUCEVURE

19w volll6 1NTESER®Z vAxTABLE

[anp vuuoue IvlegERed PRUCEDURE

ICin v0l728V [vTeubrne vARTAGLE

LFInST 01722 INTEvENa2 vAxIABLE

XM~ v0l7@4 NREALT4 vA]ABLE

AMAX VUl730 HWHEALYY VARIAOLE

YMIN vul7s4 wWEALe4 VARTABLE "
8s
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FOKRTRAN IV STURAGE ™MAP

NAME UFFSET ATIRIBUTES

YMAX V01740 KEAL=%d4 VARIABLE

AXES UOYUUY  REAL%4 PRUCEVURE P

LAokL v0uGUU  INTEwER=Z PrUCEDURE

nEADER  vidvDU0 KHEAL®d PRUCEDUKRE

X © o uulld4 REALAY VAKIABLE

v VU1750 REAL*4 VARIABLE

LInt vUv0uy LINTEGERxZ PRUCEVURE =

HRUCPY wvOUuLL0 NEAL®Y PRUCEVURE ;

STALL voulOuu REAL®4 PRUCEDUKRE |

LIANS uUl?54 LInNTEGER*2 vARlABLE

IFFY V01796 INTEGER%2 VARIABLE

NLUGN vOU0uU INTEGER*2 PRJUCEDURE

vELX UU1760 HREAL®Y VAR]TABLE |

Lxmax v0l764 INTEwER22 VANIABLE r
3 IFLX v0uQu0 INTEGEK%2 PRUCEVURE i
: IREMAN  wUl766 INTEGEN=2 VARIABLE |

MUV voulduy INTEGER#22 PRUCEUURE .

!
COmMUN BLOCK /AUKRKF/ LENGTH vuouae L

IFSTFQ vOOO0VU INTEGER®Z VARIABLE
fupP vov002 INTEGER*Z VARIAYLE
LSIEP vouvgud INTEGER&e VAMIABLE
NSIEP VOUO0U6 INTEGER*Z VARIAHMLE

oF vou0l0 KEALwd VARIABLE

CcF VOvGld REAL®4 VARIABLE s
Foan yov02y n~EAL®4 VARl AoLE F
Coviamynr =L IOLK /aKkDCT/ CENGIN uyu3lde

SCmft® vHVUUO KEAL=®4Y ARNMAY (luv,4d4) vECTURED

SYATrX  wuldluy COPLEX*8 ARRAY (2,2) VECTureD

cummiuN nLOCK /snEau/ LENGTh vyulld

AldSuL YOUOuUY KEAL®Y VANTABLE

NSCAT vOuyud INTEGEKZ VvArIADLE

oA LvA v0uOUb REAL=®4 VARIABLE

nUlSE vouUule UINTEGEK2Z VARIABLE

RANLBE Q0vile nrEAL®RY VARTABLE

vaLuUdS Vou0eU KEAL x4 VARIABLE

wxalT VouD2d  InTEuEne2 ARNAY (2)
IFiLe vOuv030 INTEuvEKe2 ARKAY (8)

SU vOvudlu rREALwY varlagLe
ole VOuuSd  nEAL Y VAKIASLE
Snkh JOudou wEAL#Y VARIABLE
Sy v0uubyd nwEALNY vArIAoLE
Shnh}] VOUO07Y nEALWNY VARTAALE
Swnry viuul4d ~EALwd VAxlanLe
Sanv{ vUuluy wEALY VARTABLE
Swyrvy VOulvd  wEAL®d VARTABLE

a6
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FORTRAN LV

NAME

SNK

UFFSET

0ovllo

STURAGE mAP

ATTRIBUTES

REAL®4

CUMMUN BLOCK /#0RK/

HUSAV
nlSav
VASAV
VISAv
SFREW
SheTAK
SbETAV
oETSAV
RHCSAV
LHCSAV
CBETAS
AHSAY
AVSAV
VALUE

COMMUN

PTPuK
RANGEQ
CR
ANTEZ
SLUSS
PlaC

uouovo
vQeauuo
V040U o
yooo0uL
vioouuo
012000
vil40u0
0160U0
veuovo
veu4vuy
v3oovo
0320060
034000
v360uo

nEAL U
KEALRY
REAL %4
KEAL®G
REAL®4
REAL24Q
REAL®Y
KEAL ™Y

VARTIABLE

LENGTH 042000

ARRAY
ARRAY
ARRAY
ARKAY
ARKAY
ARRAY
ARKAY
ARKAY

COMPLEX®8 ARRAY
COMPLEX 28 ARRAY

REAL®G
REAL=®4G
REAL®G

ARRAY
ARNAY
ARKAY

COMPLEX %Y ARRAY

BLOCK /S16NAL/

0oo0uo
V0004
V00V10
000014
voveee
vovoR4

REAL =]
REAL %4
REAL®4
REAL %4
REAL#4
REAL®4

(256)
(2%6)
(256)
(25%6)
(256)
(2%9b)
(296)
(296)
(256)
(256)
(256)
(256)
(2%0)
(256)

LENGTH 009u30

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VANIABLE
VARIABLE
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T T L ausaid e
FURTRAN [V VOIC=U3F+* TrHu 28-UCT=82 UUiUDLI4E PAGE VUl
yuvl SUbRUUTINE XML (ELH,ELV,PRHITV,NAME)

C

C THIS SUBROUTINE DETERMInNES THE TRANSMITIEY SIGNAL PULARIZAT]IUN

C

INTEGER wNAME (¢)

INTEGEr KHC(2),LHC(2),hUKRL2),VER(2),nV(2)
UATA RHC,LHC,HUR, VERK,HV/ 'R, 'C ', 'Ln'y'C ', 'HU'y 'K ',
1 'WE'e'H ', 'H=", 'y Yy
PI=3,14159

CaLL PLUT (V)

TYPE 10

FORMAT (' 1 = RHC'/' 2 = LHC'/' 5§ = HORIZUNTAL'/' 4 = VvERTICAL'/
1 ' 5 = HORIZONWTAL & VERTICAL'/)
ACCEPT 15,1x4IT

FORMAT (Ib)
IFCIXMIT LT ol aURLIXMIT 6T 0UTU 1
GOM0 (10U,200,300,400,50V)1xm]IT
clinz=l,

Eiv=1,

PHITV=wpPi/2

NAME (1)=RRC(1)

NAME (2)=2RrRNHC(2)

KETUNN

€in=t,

Elv=l,

PHITVZeP[/2

NAME(1)3LnC (1)

NAME (2)=LnC(2)

RETUKRN

cinzl,

clvsy,

PHITvV=v,

NAME (1)=H0N(])

wAME (2)En0k (2)

ETURN

[ LEITIN

clvsl,

PHITvsV,

~AME (1)SVER(])

NAME (2)=VER(2)

RETURN

tins1,

civsal,

PHEITV=O.,

wAME (1) =nv(l)

wAME (2)3nV(2)

wETUNN

[ 4.7%
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FUORTRAN [V

NAME UFFSET
NAME vyouvee
RHC vovoed
LHC vovo3o
HUR voug 34
vEnr 000040
nv vougua
Eln Vovula
£Ely vovoleé
PHITY vovoav
PI vovela
PLOT vououo
Ixmit Voveeo

STURAGE ™A
ATTRIBUTES

INTEGEN®2
INTEGEK =2
INTEGERR®2
INTEGER®E
INTEGERZ
INTEGER®Z
REAL®4
REAL %Y
KEAL 24
REAL®Y
REAL®Y
INTEGER®Z

P

PARAMETER
ARRAY (2)
ARKAY (2)
ARRAY (2)
ARRAY (2)
ARRAY (2)
PAKAMETENK
PARAMETER
PARAMETER
VAR1ABLE

PRUCEDURE
VARIABLE

ARKAY (2)

VARIABLE
VARIABLE
VAKIABLE
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FORTRAN

v VUlC=03F+

THU 28=UCT=02 uvulueis? PAGE U1
voul SUBKOUTIWE BHWATe (A,N)
c
C FFT INPUT WEIGLHTING
€
voud CUMPLEX A(N)
vous VATA P{2/6,283185/
vove VU 1V0 I=1,nN
uouY HATESU ,4232320,49755«CUS(PI2/Na(i=~1))eu,u79220CUS(PI2/ivnda(I~]))
yogs 1oy ALLY=A(1)anATE
vuu? RETUNN
yJus eNp
FORTRAN IV STURAGE ™mAP
NAME UFFSeT ATTRIBUTES
A Vouula COMPLEX%8 FARAMETER ARRAY ()
N QUvule INTEGER®2 PARAMETER VARIABLE
rie vyuvyuey KEAL=x4 VArIABLE
1 vou0dy INTEGERx2 VARIABLE
NATE Y0ude KREAL*Y VARTABLE
cus vououl NEAL=24 PRUCEUURE
FORTRAN IV VUIC=03F¢ THU 28~-0CT=82 vuiul:02 PAGE vyl
vou1 FUNCTIUN VNOISE(SD)
[
C THIS FUNCTION GENERATES GAUSSIAN VISTRIBUTED NUISE vOLTaGE
C
Qoue Sum=0.,
yuvul Ul 1v I=1,12
[V lu JUMZIUM*RANF (U)
oS VAU TSE=(Sum=b,J)?50
yuio RETUKN
vou? end

FORTxAN IV

STURAGE MAP

NAME UFFSET ATTRIBUIES

VNUISE vOu0le WEAL®U VANIABLE

sv vovlly REALw4 PARAME IER VARIABLE
SUM uouue2 KEAL®A vARIAOLE

1 voudde INTEGER®2 vAxIABLE

RANF vouilvl REAL =4 PROCEUURE

v VOVU3U  wEAL®Y vanlantLt
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FURTRAN 1V VOI1C=03F+ THU 26~UCT-82 00:07:006 PAGE 001}
H C
E 00ul SUBROUTINE RANPH(PHASE)
. C
C THIS SUBROUTINE GENERATES UNIFORMALLY DISTRIBUTED PHASE NOISE
[
0002 DATA P /3.14159/
vov3 PHASES (RANF (U)=,.5)2P]
Vg4 RETURN
TTEY eEND
FOKTRAN LV STORAGE maP

NAME UFFSET ATTR1IQBUTES

PHASE voU01la4 REAL»4 PARAMETER VARIAHBLE

(B V00016 REAL®S VARLABLE
X ANF V0V0V0 REAL®S PRUCEDURE
V] vouiee REAL®4G VARIAGLE
FORTRAN [V VOIC=03F+ THU 28-0CT=82 00207310 PAGE 00}
c
Vo0l FUNCTION RANF (U)
(o
C UNIFORM NUMBER GENERATOR
c
voue OATA [,J470,0/
vuul NANF=RAN(L,J)
vuve RETuURN
vousS END
FOxTrAN [V STORAGE MAP

WAME UFFSET ATTRIBUTES

RANF 000016 REAL®S VARIABLE
V) V00014 KEALw4 PARAMETER VARIAWGLE
I V00022 INTEGER=2 VARIAOGLE
J V0U02d INTEGER®2 VARIABLE
° AN VOVOVY KEAL=d PROCEOURE

91




youl

voue
vuv3
Vouvse
[T
vuub
vuu?
vuLe
VL)

volo

vull
vuid
vuts
vutd
Jyoio
vulé
Quli?
9018
wol9
V2o
vuel
voee
uues
yudd
dued
vule
vuel?
voes
uv 29
v03vu
vuill
vbu 32
vuis3
¢osa
vuss
vuse
VU 3s7

oo

13

15

18

20

23

2s

FORTkAN [V VUIC=03F* THU 28=uCT=82 VY0731« PAGE 001}

SUBRUUTINE ANORM(N,NFFT,NSTEP,B1G)

THIS SUBRUUTINE DETERMINES THE BIGGEST FFT UUTPUT FUR NURMALIZATIUN
OF FFT PLOUTS

COMPLEX VALUE(256),SMATRX(2,2)

UVIMENSIUN SFRrREW(RS6)

DIMENSION SBETAH(296),SBETAV(2Se)

DIMENSIUN SCATER(100,4) ,AHSAV(296),AVSAV(290),8BETSAV(256)
DIMENSIUN MQSAV(250) ,H1ISAY(296),VUSAV(296),VISAav(EsSe)
LVIMENSION CBETAS(256)

COMPLEX RNCSAV(256),L1nCSAV(2586)

COMMUN /AURK/MWSAV,HISAV,VU3AV,VISAV,SFREW,SBETAN, SBETAV,BETHAY,
1 RNCSAV,LNCSAV,CBETAS,ANSAV,AVSAY,

1 VALUE

COMMUN /WKSCT/3CATER, SMATRX

816=0,

VO 3 [=1,NFFT

VALUE(1)=CMPLX(0,,0,.)

DO 5 IS1,NSTEP

VALUE (I)SCMPLXLCABS{RHCSAY(1)),0,0) (REAL PANI AlThH RHC aAMP
CALL VLOGN Ny vALUE,*1,)

CALL JIGEST(NFFT,816)

V0 13 I31,nFFY

VALUE (1) =CMPLX(0,.,0.)

VU 19 1=21,nSTEP

VALUE (1) ZCMPLX(CABS(LNCSAV(I)),0,0) (REAL PART wITH LHC AmMp
CALL NLUGN (N, vALUE,+*1,)

CaLlL 21GEST(NFFT,B16)

OO 18 I=1,NFFT

VALUE (L) =CMPLX(Def V)

QU 2V [=1,nSTEP )
VALUE(I)SCMPLX(ANSAV (1) 0e) IkEAL PANT wlThH nOn1Z AMP
CALL NLUGN(N,VALUE,*1,)

CALL OIGEST(NFFT,dIB)

DO 23 I=1,NFFT

VALUE(LI)=CMPLX(Qes04)

DO 25 I=1,NSTEP

VALUE (I)=CMPLX(AVSAV(1),0.) IREAL FART wiITh VERT amMP
CALL NLUGN(N,VALVE,*},)

CALL OIGEST(wFFT,B16)

RE TURN

END
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A AL e

STORAGE MmAP

AVIRIBUTES

INTEGEK*2 PARAMETEK
INIEGER®2 PARAMETER
INTEGER®2 PANAMETER

KEAL®4

PARAMETEN

IN1EGER®2 VARIABLE
COMPLEX*d4 PRUCEDURE

REAL®4

PRUCEOURE

INTEGER22 PRUCEUVURE

REAL®4

8LOCK /7a0KK/

REAL 4G
KEAL®Q
NEALG
REALSG
REAL 4
NEAL*4Q
cEAL 24
REAL®Q

REAL®4
NREAL*Q
KEAL 24

CUMPLEX®8 ARRAY

BLOCK /aK3CT/

FORTRAN 1V
NAME UFFSET
N youvlye
NFRT youwuleé
NSTEP 000020
dle Jyouuee
i vuuusey
CMPLX 00000y
CAbnS vououe
NLUGN 000000
vleeST v000u0
COMMON

nOSAY 00VLYO
nlSAy V6000
VOSAY vo4yuo
vISAv 000000
SFrEuw vivovo
SotTAH 012000
SBETAV 014000
BETSAV 910000
KHCSAV 20000
LHCSAY 024000
CBETAS 130000
AHSAY V32090
AVSAY 034000
VALUE v3ouvo
COmMON

SCATER vwOUOOUL
SMATRX  vu3100

KEAL®U

PROCEDURE

VARIABLE
VARLAGBLE
VARIABLE
VARIAGLE

LENGTH 042000

ARRAY (256)
ARRAY (256)
ARKAY (256)
ARRAY (256)
ARRAY (256)
ARKAY (296)
ARRAY (256)
ARKAY (256)
CUMPLEX®8 ARRAY (256)
COMPLEX*d ARRAY (256)
ARRAY (256)
ARRAY (256)
ARRAY (250)

(25e)

LENGTH 003140

ARRAY (1u0,4) vECTUKED
COMPLEX®d ARRAY (2,2) VvECTURED
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FORTRAN IV VO1C=u3Fe THU 28-0CT=82 00207325 PAGE 001 !
C
[
00V} SUBRUUTINE SIGEST(iw,81G) i
goue COMPLEX VvALUE(256),5MATRX(2,2)
Jovs VIMENSION SFREW(¢S6) |
vova UIMENSION SBETAKH(296),SBETAV(256) - :
vousS UVIMENSIOM SCAYEN(loond)nAHSAV(ZSb).AvSAV(ZSb),BETSeV(be)
vood JIMENSION HOSAV(256) sHISAV(256),vESAV(256),VI5AV(236)
uuo? VIMENSLON CBETAS(256)
0ou8 COMPLEX NMCSAY(256),LHNC3AV(256)
Vou9 COomMmON INORKINUSAV.NISAV.VQSAV.vISAV:SFREQ.SBElAH,S&ETAV:BETSAV.
1 RHCSAV,LHCSAV,CBETAS,AHSAV,AVSAY,
1 VALUE !
volo COMMUN /AKSCT/SCATER, SMATRX {
o
ovit U0 1o I2l,N
wule AVAL2CADS (VALUE(I)) . .
wlld 1v [F(AvAL.6T.BIG)OIG=AVAL ‘
wuls RETURN §
wulé ENU x
¥
FORTKAN IV STunRAGE MAP '

NAME OFFSET ATTRIBUIES |

N 000014 INTEGER®2 PARAMETER VARIABLE i
816 00u016  REAL*4 PARAMETER VANTABLE :
1 V0UU34 [NTEGENR#2 VARIAGLE

AVAL vQu036 REAL®S VAKIABLE

CAuS YQuuul xEaLes PRUCEDURE

CummMunN BLOCK Zaunx/ LEAGTH v42uuu

HOSAY Uoulu0 KEAL®4 ARRAY (Z50)

nISAY U020V  REAL®G ARKAY (256)

VGEOAY VvO4uuld NEALeY ARRAY (256)

vISAY vieuvd xEAL®SG ANRAY (¢2%¢)

SFREW V1Uvu0 xEAL®G ARKAY (256)

SAETAH V12Uv0 xEALRS ARRAY (256)

SoeTAV ULld40U0 NEALRG ARKAY (2%0)

BETSAV Vleldvl wEAL®G ARKRAY (296)

RHCSAV  V2U0u0 CUMPLEX*8 ARRAY (2%8b)
LhCSAV V240u0 COMPLEX*d ARKAY (256)

Coelas vIuuy0 wEALY ARRAY (256)

AnSAy vi2uul REALtG ARRAY (25e)

AVSAV UIavul  wEALRS ARRAY (256)

VALUE V3oUu0d CUMPLEX*8 ARKAY (256)

COmMMUN BLULK ZandCT/ LENGTH Ou3la0

SCATER 00v0v0 xEAL®*4 ARRAY (1u0,4) VECTURED

SMATKX UVu3lu0 CUMPLEX*S ARRAY (2,2) VELTURED 9

9%
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COMMUN 3LOCK /SIGNAL/

PTFaR
RANGEQ
CcR
ANTBR2
SLUSS
PlacC

v0Q000
0060048
00v01L0
ool e
000020
0006024

KEAL*4
NEAL®G
REAL %4
REAL %4
REAL*4
REAL®4

" FONTRAN IV VO1C=03F+ THU 28-0CT~82 00307:33 PAGE 001

YT FUNCTION RSCALE (LAMUOA)
C
C  AMPLITUDE SCALE FUNCTIUN
c

0002 REAL LAMOA, IMPED

Vous COMMUN /SIGNAL/PTPAR, RANGE®,CR, ANTG2,SLOSS, PL4C

woua OATA IMPED/SO0./

vouS PRZPTPWRAANTG2¢ (LAMDAR#2,) #CR/ (PIACARANGEAASLUSS)
¢
C PEAK OUTPUT VOLTAGE IS RELATED TU AVERAGE TKANSMITTER
c PORER DUTPUT (mnEN TRANSMITTER IS SNITCHED ON) BY SuRT(2.)
c

0006 RSCALESSQRT (PR [MPED#2, )

0007 RETURN

0008 END

FURTRAN [V STOHAGE MAP

NAME OFFSEY ATTRIBUTES

RSCALE 000016 REAL#G VARTABLE

LAMDA v00038 NEAL2S PARAMETER VARIABLE

IMPED V0u022 REALRG VARIABLE

PR 000026 NEAL*4 VARIABLE

SQRT 000000 NEAL®4  PROCEOURE

LENGTH 000030

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARTABLE
VARIABLE
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FORTRAN lv VO1C=03F+ THU 28-UCT~82 VUiUT:38

voul FUNCT JUN FREW(I)
c
C GENENATE FREWUENCY QUTPUT STEP AS A FUNCTION OF
c THE LAST FREQUENCY RAMP STEP IRANSMITTED
C

vooe COMMON /aURKF/IFSTFQ LUP,LSTEP,NSTEP,DF,CF,Fbw
C

Vuul IFUIFSTFQ.NEL1)6UTU 5

VIS ] IFSTFus0

Yuub FREQSCF~Fbw/e2,

ouy7 IuP=1

yuus LSTEP=}

vov9 RETUKRN

[F110 4 IF(IUPNEL.L)GOTO 100

Jule LF(LOTEP.NE.NSTEP)GUTO 10

vvia luksv

v019S RETUKN

vole 1v LSTEPSLSTEP+1

yuL? FREGSFREYCUF

vol18 ME TURN

voly 10v IF(LSTEP.NEL1)GOTO 110

Vo2l fursz)

uvee RETUNRN

yoeld 11ty LSTEP=LSTEP=-1

voesq FREQ=FREW~DF

oves RETURN

Jyoae EnD

FUNTKkAN LV STUNAGE MAP

NAME UFFSET ATTRIBUTES

FREQ yiuule KEALaa VARIAYLE

i vOu018 INTEGERN2 PANAMETER VARIAGLE

CUMMUN BLOCK /wWUNKF/ LENGTH 000v2a

IFSTFQ Yuv0U0 [wTEGER®E VARIABLE

LuP v0v0ue INTCEGENRZ VAKIABLE

LSTEP V0UO0V4 INTEGER*Z VARIAGLE

NSTEP w0uUue [NTEGEN=2 VARIAGLE

(13 voudl0 REALes VANIAOLE

CF V0vula KEALRY VARIAGLE

Faw Vovdeu REALTG VARIABLE
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VOIC~03F+ ThHU 28-0CT=82 00307:45 PAGE 001

FORTRAN 1V
Vool SUBRUUTINE GETSM(I)
C
C DETERMINE SCATTERER TYPE AND CALL 1173 MaTWIX
C
Qoue COMPLEX SMATRX(2,2)
yoys3 UIMENSION SCATER(100,4)
voo4 COMMUN /wKSCT/SCATER,SHATRX
Q0usS 60TO(10VU,200,300,4900)IFXXLSCATER(TI1))
006 10V CALL PLATE(I)
90u7 RE 1 YKRN
0ou8 eov CALL OLNEV(I)
90u9 RETUNN
wold 3oy CALL TRIMEDLY)
001l RETURN
0012 40w CALL OQIPOLE(I)
yo13 RETUNRN
Vo4 END
FORTRAN lv STURAGE MAP
NAME UFFSET ATTRIBUTES
1 V0U01a INTEGER*E PARAMETER VARIABLE
IFLx vov000 INTEGER#*2 PRUCEDURE
PLATE Uou0U0 KEAL®G PRUCEOURE
VInEL vOOUU0 REALNG PRUCEDYRE
TRIHED VyYu0U0 KREALRG PRUCEOURE
VIPOLE VOU0U0 KEAL®G PRUCEDURE

CUMMUN BLOCK /wKkSCT/ LEnGTH V031490

SCATER
9MaA T

Youoag
vo3lvw

REAL®G ARRAY (100,8) VECTUREL
COMPLEX*8 ARRAY (2,2) VECTUKED
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FORTRAN 1V vO1C=03F+ THU 28-UCT=-82 0VUL30T7:S1 PAGE 001
Vool SUBRUUTINE PLATELI)
C
C FLAT PLATE SCATTERING MATRIX
C
00ve UIMENSION SCATER(100,4)
vovs COMPLEX SMATRX(2,2)
Juud COMMUN /WKSCT/SCATER,SMATRX
Yuus SRSIGM=SURT(SCATER(I,2))
vove SMATKX(1,1)3CMPLX(=1,,0.)*SRSIGM
Uoy? SMATRX(1,2)SCMPLX(0.,0,)2SRSIGM
gous SMATKR(2,1)=8SmATRX (1,2)
Juo9 SMATRX(2,2)SSMATKX(1,1)
Vo110 KETURN
0011 END
FOxTAN LV STURAGE MAP

NAME UFFSET ATTRIBUTES

1 V0V014 INTEGER®2 PARAMETER VARIABLE
SRSIGM (O0v036 NREAL#4 VARJADLE
SAnT 00v0U0 REAL®4G PROCEDURE
CMPLX VOU000 COMPLEX*Y PRUCEDURE

CUMMUN BLOCK /axSCIl/ LENGTH 00314y

SCATer yYou0ud REALs4 ARRAY (100,4) VvECTURED
SMATRX  LO031luy CUmPLEX*Y ARRAY (2,2) VECTURED

98




} FURTRAN IV VOLC~03F+ ThU 28-uCT=82 v0:0T:56 PAGE 001
c
ugut SUBRUUTINE DIMEO(I)
c
C DINEDRAL SCATTERING MATRIX
<
vove VIMENSIUN SCATER(IVG,4)
0003 COMPLEA SMATRX(2,2) {
Youa COMMUN /wKSCT/SCATER, SMATRX
3 . dues SRS Lom=SunT (SCATER(]1,2)) :
: agqus SMATRX (1,1)SCMPLX(CO3(2.#SCATER(L,3)),0.)nSRSIGH !
. eQu? SMATRX(1,2)ZCMPLEA(SIN(2.%SCATERCL,5)),0.) #SRS1IGM .
wous SMATHX(2,1)2SMATRX(1,2) '
0009 SMATRX (2,2)ZCMPLX (=COS (2. #SCATER(I¢3))+04)*SKSIGM :
0010 RETURN
woll END .
ij’
.
i
FORTRAN [V STURAGE WAP {5

NAME OFFSET ATTRIBUTES

1 U0V034 INTEGER*2 PARAMETER VARIABLE
SRSIueM 000036 NKEALG VARIABLE

SQnT JOU0UQ REAL®G PRUCEDURE

CMPLX V00000 COMPLEX*B PROCEDURE

cu3 Yyvivu KEALe@ PRUCEDURE

Sliv VouuU0 REAL®Q PRUCEDURE

COMMUN 3LOCK /nKSCT/ LENGTH Ou31ay

SCATER 00Qu0Q0 REAL®aG ARRAY (100,4) vkCTORED
SMATKRX 0031V0 COMPLEX®d ARKAY (2,2) VECTURED
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FORTRAN 1V vuiC=03F+ Tnu 28-0CT-82 V0308202

[
Ul SUBRUUTINE TRINED(])

c
C TRIMEDRAL SCATTERING MATRIX
C

wove DIMENSIUN SCATER(100,4)

udul CUMPLEX SMATRX(2,2)

vova COMMUON 7akSCT/SCATER, SMATRX
yuus SRSIGM=SyYRT(SCATER(I,2))

voue SMATNX(1,1)3CMPLA(=1,¢0.)*SRSIGM
yau? OMATRX(1,2)3CMPLX (049 0,)2SRSIGM
vluy SMATRE(2,1)28MATHIX(1,2)

V0u9 SMATRX(2,2)33MATRX(1,1)

wulo RETURN

yuit EnO

FOURTRAN [V STONAGE MAP

NAME OFFSET ATTRIBUTES

1 V00014 INTEGER®2 PARAMETER VARIABLE
SRSIGmM yOov03e nHEAL®S VARIABLE

SGRT Vo0Ud0U REALr4 PRUCEOURE

CMPLX V000U0 COMPLEX28 PRUCEDURE

COMMUN BLGCK /wrSCT/ LENGTH 003140

SCATER Q0UOU0 REALeY ARNAY (100,4) VECTURED
OMATRX  v031lvy CUMPLEX®8 ARKAY (2,2) VECTURED
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FURTRAN 1V VOLIC=03F¢ THU 28-UCT<82 vu3iQ8207 PAGE 001
c
ooul SUBRUUTINE DIPULE(!)
c
i ¢ DIPOLE SCATTERING MATRIX
C
vuve OIMENSION SCATER(100,4)
vuos COMPLEX SMATRX(2,2)
Yuuda COMMUN /wKSCT/SCATER,SMATRX ;
VLUS SRSIGM=SART(SCATER(1,2)) ;
vous SMATRX(3,1)3CMPLX(=COS(2.%SCATER(I,3)),0.)aSRSIGM ;
0ou? SMATRX(1,2)SCMPLX(*COS (SCATER(I,3))*SIN(SCATER(I,3)),u,)* :
1 SKSIGM i
00v8 SMATRX (2,1)=SMATRX(1,2) i
vuo9 SMATRX (2,2)=CMPLX(=SIN(2,4SCATER(I,3)),V,)*SRSIGM s
vu1l0 RETURN i
voll END |
j
"y
¥
i
FORTRAN IV STORAGE MAP
NAME UFFSET ATTIRIBUTES ,

i 000014 INTEGER®2 PARAMETER VARIABLE :
SRSIGM 00U036 REAL®4  VARIABLE !
SAT V00000 HEAL*4  PROCEDURE

; CMpPLX V0VOu0 COmMPLEX*8 PROCEDURE 3
! co> VOUUUU REAL®Y PRUCEOULNE
i ST VOvduv0 KEAL®S PRUCEDURE

COMmMON BLOCK /nK3SCT/ LENGTH 003140

SCATER U0U0U0 REAL®*g ARRAY (100,4) VECTURED )
SMATRX V03100 COMPLEX®*3 ARRAY (2,2) VECTUREY ;
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FURTRAN 1V VO1C=03F+ THU 28~uCT=82 90217:32 PAGE 001

0001

0oye
vou3
voud
vous
00ve
0ou7

vova
vov9

vol0
uoll
vul13

vvle
vul1ls
uole
vo17

¢o1d
vol9
Vue2o

voel

voee
voa3
vued
vues
vues

SUBRUUTINE HEAVER
C
C PLUOTTING HEADER DATA PRINTOUT
¥
COMPLEX SMATRX(2,2)
VIMENSIUN SCATER(1U0,4)
INTEGER IFILEC(B) ¢NXMIT(2) ,NPKES,KY,KN
COMMUN /WORKF/IFSTFQ,IUP,LSTEP,NSTEP,OF ,CF,Fbn
COMMUN /mKSCT/ SCATER, SMATRX
COMMUN /HEAD/AISUL,NSCAT,GAINA,NUISE,
1 RANGE ,DBLUSS,NXMIT, IFILE, 5V,BIG,
1 SNRH, SNRV,SNRHI, SNRHO, SNRVI, SNRVG, SNR
COMMUN /SIGNAL/PTPAR,RANGE4,CR,ANTG2,SL055,P14C
DATA KY KN/' Y', ' N*/

nPRESEKN
IF(NUISE.EQ.V)GOTO S
NPRES=RY

S CALL PLUT(=1,0,780)
CALL vid4CSZ(a)
TYPE 9
TYPE 10,IFILE,NSCAT,NSTEP,GAINA,ATISOL,NXMIT,PTPAR,
1 CR,UH8L08S,BI6G
TYPE 11,NPRES, (SD/1.E-b), SNRIM,SNKV,RANGE
9 FORMAT(1M+,80X, *KF GUIVANCE JTECHNULOGY PULARIZATVION SIMULATION')
190 FORMAT(9X, *DATA FILE NAME:',84A2,
1X, *NUM, SCATTERERS:',13,
3X,'FREG STEPS:',13,
Zx,'aAnT GAL(ud) 2!, F7,2,
3X,tAanT LISOLATIUN(DB)',F7.2/
9x, 'XMIT2',2A2,
3Xe"XMIT PWR/CHNL(RATTS)'Fo.2,
I, 'COMP RATIO:',Fo.2,
3%, *SYSTEM LOSS(DB):*',FY.2,
3%, 'FFT SCALER:',1PEl4.b)
i1 FORMAT (9%, 'NOISES",A2,
1 3x,*NOISE SO(UVOLTS):',F7,.5,
1 IXe'n AVG SWR(DB):',Fo.2»
1 2X,'V AVG SNR(DB):*,Fe.2,
1 S5X, "RANGE TQ TARGET CELL(METERS):',F8,2)
DO 20 [=1,1000
20 CONTINUE
CALL V14CSZ(1)
RETURN
ENU

- gt e b et e bt un
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BLOCK /nOKKF/

BLOCK /wKSCI/

BLOCK /HEAD/

FOXTRAN 1V
NAME UFFSET
NPKES V006406
XY vouo014d
KN vouote
PLUT POD DI
v1idacsZ vovoue
1 000650
CUMMUN

IFSTFQ 00v0uo0
IuP oov002
LSTEP 000004
NSTEP LVOvuoe
uF 000010
CF 000V} 4
Ftam Jou020
CUMMON

SCATER vO0UO0VY
SMATRX 003100
COMMON

AISOL 00V0vo
NSCAT 000004
GAINA Vovove
swise vovoie
KAnGE vovuld
UMLOSS yovvew
AXmIT yQuuld
IFILE vovo 30
Svu uouvo90
8lo Vovo54a
Sk Voulodl
SNNY 00v0b4
Stamer] youoro
SNRHU VYuo74
SNRVI voolyy
FLT A Vovios
Sk VoVl

STORAGE MAP
ATTRIBUTES

INTEGEK=2 VARIABLE
INTEGER®2 VARIABLE
INTEGEK®E VARIABLE
REAL*Y PRUCEDURE
REAL*4 PRUCEDURE
INTEGER«2 VARIABLE

LENGTH 0yoOv24

INTEGER®*2 VARIABLE
INTEGER®2 VARIABLE
INTEGER®2 VARIABLE
INTEGER®2 VARIABLE
KEAL®S VARIABLE
KEAL2G VARIAGLE
KEAL*4 VARIABLE

LENGTH 003140

REAL*4Q ARRAY (100,4) VECTORED
COMPLEX*8 ARRAY (2,2) VECTORED

LENGTH 0UO0114

REAL#G VARIABLE
INTEGER®2 VARIABLE
KEAL®=Q VARIABLE
INTEGER®2 VARIABLE
NEAL#4 VAxIAdLE
REAL %4 VARIABLE
INTEGEK®2 ARRAY (2)
INTESER®22 ARRAY (8)
NEAL24 VARIABLE
REAL®4 VARIABLE
REAL %4 VAKLABLE
REAL*4 VARIABLE
REAL*A VANIAULE
NEAL 4 VARIABLE
REAL®d VARIABLE
REAL*4Q VARIABLE
REAL w4 VARIABLE

Liimeu BlLOCK /STuaL/ LENGIN 0U0VU3Y

PTPax

KANGE G
[

ANT G2
SLuSS
Pl4C

[T XV ETRY]
Y0uolud
Vo091V
vovolu
vovveo
vouded

REAL®4 VARIAGLE
NEAL®G vARIABLE
REAL®Y VARIABLE
REAL®4G VARIABLE
REAL®Y VARIABLE
REAL*4Q VARIABLE
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